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Preface to "Biodiversity and Protected Areas" 


Protected areas are key to biodiversity conservation. While the value of protected areas is 
generally undisputed, challenges remain. Many areas designated as protected were created for 
objectives other than biodiversity conservation, and those objectives can conflict with biodiversity 
conservation. Protected area legal status is, in many cases, impermanent. Protected areas are 
generally too small, isolated, and few to conserve biodiversity on their own, and thus there are calls 
for connected conservation areas between them, and for their integration into broader landscapes 
and seascapes [1], There is a general consensus that the current global suite of protected areas is 
insufficient to protect biodiversity. Although there is no precise prescription for how much would be 
enough, systematic conservation planning studies have indicated that 25-75% of a region is required 
to capture key elements of biodiversity [2], Studies that address range shifts and movement pathways 
in response to climate change reveal even more extensive area and connectivity requirements. These 
and other insights have contributed to recent calls for 'half Earth' [3]. 

There is an increasing recognition that not all of the area required to maintain biodiversity is 
likely to be accommodated within protected areas. Other effective area-based measures, connectivity, 
and management of private lands offer potential complements to protected areas, but may also 
compete for scarce resources. Increased focus on framing biodiversity and protected area values in 
terms of ecosystem services and human well-being may not always lead to biodiversity conservation, 
particularly if narrowly focused on goods and services. There is increasing acknowledgment of 
the imperative to engage Indigenous communities and recognize their rights to self-governance, 
territorial lands and resources, including biodiversity, and conservation areas. These and other 
emergent issues demand transformed approaches to biodiversity and protected areas, which engage 
diverse communities and boundary spanning collaborations, and may require new conceptual 
framings. 

This Special Issue assembles papers that explore these and other emerging issues around 
biodiversity and protected areas. We sought papers that examine approaches that show promise or 
demonstrate success as potential new models and applications that support progress in biodiversity 
conservation and protected areas in an increasingly challenging and complex context. Papers are 
from all regions of the world. Our ultimate goal is to identify new ways of moving forward in a 
context of increasing urgency. 
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Despite significant investments in protected areas, biodiversity continues to show the negative 
influence of human domination of earth's ecosystems with population reductions across many taxa 
(Dirzo et al. 2014) [1], Biodiversity loss ("biosphere integrity") is one of two "core planet boundaries", 
and currently exceeds the "safe operating space for humanity" as an intrinsic biophysical process that 
regulates the stability of the Earth system: it is at high risk, "beyond the zone of uncertainty" that 
human perturbations will destabilize the Earth system at a planetary scale (Steffen et al. 2015) [2]. 
Shifts towards globalization and increased emphasis on ecosystem services pose further challenges to 
biodiversity and its conservation (Cimon-Morin et al. 2013) [3]. Particularly threatened are organisms 
that require large, undisturbed areas where natural patterns and processes can occur freely (Laliberte & 
Ripple 2004) [4]. Such areas are increasingly under-protected. The amount of area under traditional 
protection varies by country but globally is about 15%, short of the 25-75% required to capture 
vulnerable biodiversity (Juffe-Bignoli et al. 2014) [5]. Habitat fragmentation is an ongoing process 
isolating remaining areas of high quality habitat (Haddad et al. 2015) [6]. For example, 50% of the 
continent of Europe is within 1.5 km of transportation infrastructure (Torres et al. 2016) [7]. A summary 
of 35 years of studies of habitat fragmentation caused by infrastructural development has shown that it 
has reduced biodiversity by 13-75% in various regions across the globe (Lawton 2018) [8]. The Global 
Human Footprint in terrestrial systems increased 9% from 1993 to 2009 with 75% of the surface 
experiencing measurable pressures (Venter et al. 2016) [9]. Using these same measures, one-third of 
protected land is influenced by intense human activity (Jones et al. 2018) [10]. 

The increasing drumbeat of alarm that protected areas, as special and valuable as they are, 
have not been an adequate answer to the biodiversity crisis is supported by a plethora of studies. 
Protected areas are often located in the wrong places to protect the greatest diversity (Jenkins et al. 
2015) [11], are systematically biased in location (Margules & Pressey 2000) [12], are too small, scattered, 
and disconnected to protect diversity under changing climatic conditions (McGuire et al. 2016) [13], 
and internally and at landscape scales are often mismanaged such that biodiversity establishment 
goals are not achieved (Belote et al. 2016 [14]; Joppa & Pfaff 2009 [15]). Protected areas alone, 
unless increased in area and landscape-level management practices beyond those currently considered 
political acceptability, are unlikely to reduce decline let alone stimulate recovery and provide resilience 
in response to climate changes. On the positive side, there has been a vast increase in research and 
practical engagement in systematic conservation planning, habitat connectivity, and socioeconomic 
and cultural mechanisms (Sinclair et al. 2018) [16], and widespread international biodiversity and 
protected areas initiatives (IUCN 2005 [17], 2017 [18]; UNEP 2010 [19]). 

The global map of marine and terrestrial protected areas illustrates the impressive scope and extent 
of effort that has been invested to create the protected areas estate (Figure 1). There are approximately 
200,000 significant terrestrial and 12,000 marine sites globally, covering 15.4% and 8.4%, respectively 
(World Database on Protected Areas (WDPA)). These numbers are underestimates of the actual amount 
that is secured from overuse or conversion; for example, in the continental United States (US) alone 
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there are nearly as many as in the WDPA. Yet, in the US there are many multiple use lands that are 
not specifically managed for biodiversity. On the other hand, the WDPA percentages overestimate 
the amount of protected area that is permanently secured and effectively managed primarily for 
biodiversity protection, particularly in the marine realm; only 3.6% of the oceans are formally protected 
and many of these are not effectively managed (Baillie & Zhang 2018 [20]; Edgar et al. 2014 [21]). 
Despite inadequate coverage and management, it is evident that humanity has highly valued nature 
conservation. Much time and resources are dedicated to protected areas but not all of that effort 
is efficiently spent (Armsworth et al. 2011) [22]. It is clear from databases such as the WDPA and 
Protected Areas Database of the United States (PADUS), that despite challenges cataloging, classifying, 
and providing data for protected areas (DellaSala et al. 2001 [23]; Rissman et al. 2017 [24]) a vast 
amount of international, national, and local effort has been expended for protected areas. 



□ 0 
■ 50 

I Continents 


Figure 1. Largest protected areas of the world across marine and terrestrial ecosystems in relation to 
areas of human land use transformation, the Global Human Footprint. WDPA 2014, Accessed from 
Protected Planet October 2018. Global terrestrial Human Footprint maps for 2009 from Dryad Digital 
Repository; HF values stretched from 0 (min) to 50 (max), https://doi.org/10.5061/dryad.052q5.2 
(Venter et al. 2016) [9]. 

The effort has not kept pace with the scale of the task—as much as 50% of the planet needs to 
be managed for biodiversity (Wilson 2016) [25]. Protected areas alone will likely not accomplish the 
task. Managing the landscape as a binary problem—protected and not—is too simplistic. A more 
nuanced view is needed to achieve lasting biodiversity benefits, a view reflected in this special issue. 
Namely, mechanisms would see the continued establishment of systematically selected protected areas; 
management of the areas themselves and across political and jurisdictional boundaries improved 
by meaningful inclusion of the ideas, experience, leadership, and biocultural heritage of local and 
Indigenous peoples; enhanced quality of life of people; measurements of protected area biodiversity 
values and ecosystem services provided to society; and, improvements to the habitat quality of the 
landscape matrix and connectivity made a priority. 

The papers in this special issue respond to these unprecedented challenges and imperatives and 
reflect three broad categories of emerging topics for biodiversity and protected areas. First, there is 
the topic of database inclusiveness; accuracy, accessibility, and curating is a basic need for assessing 
protected areas distribution and function. Second, there are issues of social justice and protected areas, 
in particular the need to reconcile past and on-going 'wrong-doings' that exclude Indigenous and 
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other local peoples from protected areas themselves and from engagement in their establishment, 
management and benefits despite their long tenure in those areas and development of their cultures 
based on local biota. By including Indigenous and local people in management, protected area function 
may be enhanced. Third, there are challenges in protected area planning and management, within their 
boundaries and at the landscape scale. National and International politics and policies likewise 
influence function. Papers in this special issue cut across these topics. 

1. Protected Areas Databases 

Basic tenets of ecological inquiry are to first ask 'where, what, and how much'. Mapping of 
protected areas and including them in databases so they may be accessed and used in analyses, 
including those designed to assess biodiversity coverage, has been a vital function of several 
conservation initiatives. The World Database on Protected Areas, Protected Areas Database of the 
United States, Canada's Conservation Areas Reporting and Tracking System (Vanderkam 2016) [26], 
and National Conservation Easement Database are examples of comprehensive attempts to gather, 
standardize, and serve spatial data and protection attributes. Despite these efforts, standardized 
data on management interventions and changes in biodiversity inside and outside of protected areas 
"do not currently exist for any global sample of PAs, but need to be created" if the relationship to 
biodiversity outcomes is to be understood (Geldmann et al. 2018) [27]. 

What seems like a simple task of compiling public information into protected areas databases has 
not been simple for several reasons. First, there is the question of what to include in a protected areas 
database, i.e., what constitutes 'protection'. Classification systems of protected areas differ, such as 
the International Union for the Conservation of Nature (IUCN) Global Protected Areas Programme 
(Dudley et al. 2010) [28], and the GAP system of the United States Geological Survey (Dudley et al. 
2010 [28]; Scott et al. 1993 [29]). This is why, for example, the World Database of Protected Areas 
includes about 200,000 global records, and the Protected Areas Database of the United States includes 
roughly the same amount (196,000) for the lower 48 states alone, i.e., the PADUS is more inclusive 
than the WDPA. Even though guidance exists for defining protected areas, such as for international 
tracking towards numerical targets under the Convention on Biodiversity's Aichi Target 11, it is up 
to signatory nation states and their sub-national jurisdictions to interpret the guidance for reporting 
purposes (MacKinnon et al. 2015) [30], and these interpretations may vary significantly, often for 
political purposes and sometimes triggering perverse consequences such as a proliferation of 'paper 
parks' that lack demonstrable conservation impact (Barnes et al. 2018) [31]. Second, there is the 
problem of obtaining accurate polygons or point locations for protected areas. The government and 
private entities who acquired, map, and manage the protected areas are responsible for providing 
those data. Metadata of protected area databases describe problems that pertain to lack of accuracy 
(such as https://gapanalysis.usgs.gov/padus/data/metadata/). In the United States, compilation of 
digital map data on public protected areas began in earnest in the 1990s (Scott et al. 1993 [29]). Thus it 
has been an ongoing project. Obtaining private protected area map data encounters reluctance on 
behalf of providers to share because of privacy concerns (Rissman et al. 2017) [24], 

In this special issue, several authors address the issue of databases. Clements et al. [32] identify 
the emerging phenomenon of private lands conservation as a concern for database development and 
management. They review reporting procedures from three countries and recommend a process 
by which data can be reviewed according to 10 principles and subsequently included in the WDPA. 
Fundamental to their approach is the problem of equity in relation to reporting requirements and 
management, in particular for private landholders who may not currently receive the benefits of 
participating in reporting processes. Zurba et al. [33] address these issues in relation to Indigenous 
Protected and Conserved Areas (IPCAs), and raise the additional, perplexing legal and ethical issue of 
what may constitute 'Indigenous-led' when it comes to establishing and reporting on IPCAs, and the 
limitations and hesitations that Indigenous communities may have with reporting and tracking 
IPCAs within an imposed framework, particularly when they may receive no benefits for doing so. 
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Furthermore, they may risk being co-opted in the service of national or international quantitative 
targets for biodiversity protection, and thus inadvertently contribute to the colonial enterprise. Baldwin 
and Fouch [34] illustrate the role of small protected areas in conserving biodiversity and the special 
challenges of spatial data at these fine scales. They describe the area distribution of protected areas 
in the United States and find that they are, on average, very small (median 16 ha, mean 1648 ha). 
Additionally they identify potential errors of inclusion and exclusion, and hypothesize such errors may 
disproportionately influence mapping of small areas. Similarly to Clements et al. [32], they note that 
database errors probably do not accrue to large public ownerships, but rather smaller, private protected 
areas. In order to accurately assess how well the protected areas estate meets biodiversity goals, a base 
requirement is accurate, complete, and accessible data on coverage and effectiveness of protected areas. 


2. Social Justice and Protected Areas 

Protected areas are commonly assumed to be at the 'wild' end of a human domination gradient. 
This view undoubtedly arises from the history of protected area establishment in that remote 'rocks and 
ice' areas were systematically selected for conservation due to their low economic value, among other 
reasons. As human populations and activities proliferate in more remote areas, conservationists have 
had to grapple with new realities. Many protected areas are now embedded in human dominated 
landscapes (Figure 2). 


op 

i 


O 
i— 

u 

LU 
I— 

o 


u 

o 


Large National Parks 
and Reserves 


Indigenous 

Lands 



Small 

Protected 

Areas 


Human-dominated 

100 


PATTERNS 
% AREA 


Natural 

0 


Figure 2. A gradient view of protected areas adapted from a human modification gradient (Theobald 
2004) [35]. There are protected areas in virtually every human landscape context. Connectivity is noted 
in capital letters in the center in the portion of the gradient. 


An emerging view is that people living in or near protected areas are not by default a threat to 
biodiversity and can be management partners. Their wellbeing needs to be part of the conservation 
equation, especially since poverty near protected areas creates a negative dynamic and can actually be 
alleviated by progressive management (DeFries et al. 2004) [36]. People have cultures and practices 
that arose from natural ecosystems, places, and organisms and these histories can become part of the 
conservation puzzle. 


4 






Land 2019, 8, 43 


Conservation biology started in the 1980s as a discipline focused on the non-human world and 
anthropogenic threats to diversity. As realities of conservation have become more apparent, the field 
has become much more inclusive of research on humans in and around protected areas as more than 
mere threats but in some ways, mechanisms for conservation (Klein et al. 2008 [37]; Powell et al. 
2009 [38]). Thinking about the matrix in which protected areas sit, and how human activities outside 
protected areas can influence their effectiveness, contributes to a holistic view of landscapes moving 
from discrete areas of management and protection to working across the entire gradient of land uses 
(Anderson et al. 2012 [39]; Cushman et al. 2010 [40]). A view that protected areas are at one end 
of a management spectrum with intervening areas managed across a gradient of human activities 
has emerged so that a holistic, landscape view of habitat and permeability becomes more in focus. 
More area needs to be set aside, but the emerging view is that people's livelihoods and wellbeing be 
considered as part of the conservation equation if biodiversity protection is to be sustainable, and at the 
same time these matrix activities can be managed and directed to be less harmful and even beneficial 
for core protected areas. 

In their assessment of global biodiversity hotspots, Cunningham and Beazley [41] point out 
the imperative to attend to both the wellbeing of the people who live there and the establishment 
of more protected areas. They identify that most hotspots in which protection has not yet reached 
17% are located in countries that are struggling economically and also dealing with war, famine, 
social unrest, and rapid sea level rise. Half of these hotspots have population densities above the global 
average. They argue that it is unrealistic and unethical in terms of international equity to assume that 
protected area targets will be met in many of these regions without extensive assistance from the global 
community, that wealthy nations have a responsibility to address threats to biodiversity from their 
consumption of trade goods produced in hotspots outside their boundaries, and that novel approaches 
to biodiversity conservation should support human-nature coexistence in and beyond protected areas. 

Special attention to social justice around protected areas is critical in relation to Indigenous 
communities, many of whom have experienced and continue to be at risk of dispossessions of their 
lands, livelihoods and wellbeing for conservation and development purposes. Despite international 
and national efforts around rights and reconciliation, such as the United Nations Declaration on the 
Rights of Indigenous Peoples, the Truth and Reconciliation Commission of Canada, and the ICCA 1 
Consortium (Borrini-Feyerabend & Campese 2017) [42], meaningful engagement and partnership with 
Indigenous communities in protected area establishment and management is far from the norm. In this 
issue, McCarthy et al. [43] posit that the knowledge of Indigenous communities is too often ignored 
in management of protected areas due to cultural and other assumptions. Their study documents 
high levels of awareness of biodiversity and positive attitudes towards conservation within the local 
population near a National Park in Mongolia. Improved communication will more meaningfully 
engage local and Indigenous communities and help to overcome trust issues; however, as they and 
others point out, it is better to see Indigenous and local communities as collaborators and/or leaders, 
if possible, rather than solely as recipients or providers of knowledge, and certainly rather than 
adversaries—a view that is echoed throughout conservation literature (Colchester 2004) [44], 

Zurba et al. [33] position Indigenous leadership (sovereignty) and collaborative governance 
of protected areas as a potential means of conservation through reconciliation. Indigenous-led 
Protected and Conserved Areas (IPCAs) express traditional values, responsibilities and Indigenous 
laws and worldviews, through land stewardship that encompasses the understanding of humans 
and non-humans as one community whose health is intertwined. In a similar vein, Ekblom et al. [45] 
show that the cultural connection to landscapes for people in Sub-Saharan Africa through ecosystem 
memories, landscape memories, and place memories is a powerful conservation dimension. Biocultural 


1 ICCA is not an acronym. "It is an abbreviation for 'territories and areas conserved by indigenous peoples and local 
communities' or 'territories of life'." (https://www.iccaconsortium.org/index.php/discover/). 
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heritage connects identity, social cohesion, and practice with social and political negotiation and is 
thus, they argue, foundational to promoting stewardship. 

IPCAs exemplify the nexus of social justice, protected areas and biodiversity conservation. 
Through the lens of implementing IPCAs in Canada, Zurba et al. [33] examine wicked problems 
in relation to Aboriginal and Treaty Rights, Aboriginal title, building a nation-to-nation relationship 
with Canada, Aichi Target 11, and other international Indigenous rights and biodiversity conservation 
initiatives. Not the least of these is the exclusionary 'wilderness' paradigm pervasive in parks and 
protected areas, particularly in the global north and west but increasingly exported around the world, 
which has thus far proven difficult to supplant despite new more inclusionary paradigms that link 
Indigenous and other local peoples with conservation lands. Attention to both on-the-ground practices 
and high-level considerations is critical for equitable and just relations between Indigenous and 
conservation communities. These relations are necessary for protected areas and other arrangements 
that serve biodiversity conservation and reconciliation, and thus de-colonize institutions, peoples, 
and non-human nature. Complementary to the social justice imperative to uphold the rights of 
Indigenous peoples to their lands and its governance is the recognition that it is essential to meeting 
conservation goals in a practical sense: Indigenous lands, globally, intersect at least 40% of all protected 
areas, account for 37% of all remaining ecologically intact landscapes, and encompass >65% of the 
remotest and least inhabited anthropogenic biomes (Garnett et al. 2018) [46]. 

3. Protected Areas Planning and Management 

Management of protected areas is conceptualized in three spatial categories: (1) management 
within the boundaries; (2) transboundary or ecosystem management at the landscape scale 
(Grumbine 1994) [47]; and (3) regional to global management of the establishment, legal status, 
and distribution of protected areas. Within-boundary management is first priority as a protected 
area cannot effectively contribute to landscape-level biodiversity processes as a functional core unless 
populations and communities within its boundaries are intact (Noss et al. 2002) [48]. Source populations 
for metapopulation dynamics depend on core areas of good habitat, and thus protected areas 
management should provide propagules for feeding processes at the landscape scale (Hunter & 
Gibbs 2007) [49], By the same token, conditions outside of protected areas influence those inside, 
and landscape-level planning and management should improve within-area conditions. For example, 
population viability for wide ranging carnivores who have core habitat inside reserves is improved by 
restoring connectivity (Carroll 2006) [50]. Thinking at the systems level and not just about wildlife, 
it is impossible to consider landscape-level management and improve matrix conditions without 
considering human enterprise, as millions of people live and make their livings on the edges of 
protected areas and within them (DeFries et al. 2007 [51]; DeFries et al. 2010 [52]). Finally, management 
of the entire protected areas estate through regional, national, and global politics, priorities, and 
agreements requires a global level of cooperation through entities such as the International Union for 
the Conservation of Nature. With increasing globalization, attention to transboundary and ecosystem 
management at biome and continental scales is warranted to attend to large-scale regulating and 
supporting services and planetary boundaries associated with biodiversity. 

In this issue, papers show the complexity of protected areas management and linkages between 
within-area problems and those external, and how spatial scale of influence extends far beyond the 
landscape matrix to global governance systems. Belote [53] focuses on the important issue of legal 
management status of protected areas and the risk of having status diminished, due to changes in 
national political leadership. His policy-based analysis examines impacts of proposed legislation that 
would demote 29 Wilderness Study Areas in the United States, and thereby reduce their protections. 
Since core wilderness areas are the bedrock of effective protected area networks, such policy-based 
demotions would lead to habitat declines in cores, and degrade overall biodiversity function (Soule & 
Terborgh 1999) [54], On the other hand, Pasha et al. [55] describe a system to improve standards for 
management of wild tigers within areas. They propose that sites be audited against a broadly accepted 
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set of standards and discuss the challenges in implementing such standards across a wide range of 
protected areas and within a tight community of tiger conservation professionals. Tiger reserves are 
critically important for the continuance of that species, are scattered across many countries, and have 
differing management jurisdictions, priorities, and goals (Seidensticker et al. 1999) [56]. Standards and 
oversight of reserves might help. 

Size, distribution, and isolation of protected areas is a central question. While large protected 
core areas remain the backbone of conservation, a very large number of small areas have been created. 
Baldwin and Fouch [34] show that there is a very large number of small protected areas that may 
have been protected for some local value, but whose cumulative biodiversity function is essentially 
unknown. Small protected areas are very numerous and may provide significant habitat in the matrix, 
stepping stones for dispersal, and protect localized, rare ecosystems but such spatially scaled research 
is only now emerging. Ekblom et al. [45] show that there are many small areas in Sub-Saharan Africa 
protected as sacred sites that also provide habitat for important species diversity. Local conservation 
is often focused on small natural areas near where people live and work in particular near where 
conservationists work (Baldwin & Leonard 2015) [57], While they may not fulfill expectations as large 
core areas for biodiversity at the ecoregion scale, they may be important for many social, ecological, 
and economic reasons. More research is needed on small protected areas and how they contribute to 
overall biodiversity goals, yet it appears they are highly valued. 

On the other end of the size spectrum are large protected areas. A small number of countries 
hold the global legacy of the last of the wild: >70% of the world's remaining wilderness is in five 
countries—Russia, Canada, Australia, US and Brazil (Watson et al. 2018) [58]. While most of these 
lands and seas are not officially protected, Wulder et al. [59] in this issue illustrate that large intact 
areas in Canada's boreal forest region are functioning as de facto protected areas, relatively free from 
development pressure, and that Canada is in a fairly unique position, globally, to expand the area under 
its protection, seizing this 'generational opportunity'. Along with formal protections, Wulder et al. [59] 
elaborate collaborative opportunities through commitments from industry, and provincial and 
territorial land stewards, and the contributions of First Nations and private protection programs. 
Consistent with Watson et al., such protections should be established in a way to slow the impacts of 
industrial activity on large landscapes or seascapes, acknowledge that protecting the livelihoods of 
Indigenous people can conserve biodiversity just as well as strictly protected areas can, and recognize 
local Indigenous community rights to land ownership and management. McCarthy et al. [43] examine 
how Indigenous people living alongside the protected area could improve the management of 
the protected area itself. They and Zurba et al. [33] show that Indigenous peoples have a good 
understanding of biodiversity management, and suggest that their systematic inclusion may result in 
better management outcomes. 

Climate and land use change remain the greatest threats to biodiversity and protected areas. 
Tabor et al. [60] show that combined climate and deforestation risks within the humid tropical biome 
result in 2 million hectares at extreme risk, which therefore should be prioritized for conservation 
action. Hamad et al. [61] show that land use changes precipitated by war and economic sanctions 
have served to fragment forest patches in Iraq, which indicates the tight linkage between social and 
ecological systems that needs to be observed for the future of biodiversity conservation. 

A unique global mechanism for biodiversity conservation based on climate change mitigation 
is proposed by Githiru and Njambuya [62]. They suggest that REDD+, the United Nations climate 
change mitigation scheme whose goal is to reduce emissions from deforestation and forest degradation 
in developing countries, can be harnessed for biodiversity conservation. Other authors caution that 
globally centralized forest governance should be evaluated in light of desire to give local people, 
including Indigenous people, more control over natural resources (Phelps et al. 2010) [63]. Githiru and 
Njambuya [62] address this by urging that bottom-up approaches be included in nested, polycentric 
schemes, concluding "the power of globalization enables a rural farmer in Kenya to play a role in 
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global climate change mitigation, while a social worker in downtown New York can help conserve 
Elephants in Africa." 

Emphasizing the increasing pressures on protected areas from outside their boundaries, 
Cunningham and Beazley [41] evaluated conservation threats in global biodiversity hotspots based 
on changes in human population density and protected area coverage. Over a 20-year timeframe 
(1995-2015), average population densities in the hotspots increased by 36%, double the global average. 
The Aichi Target 11 protected area goal of 17% was achieved in only half of the hotspots. In 2015, 
15 of 36 global biodiversity hotspots remained in the highest threat category (i.e., population density 
exceeding global average, and protected area coverage less than 17%). Only two hotspots achieved a 
target of 50% protection, a scientifically defensible target for the hotspots, which are rich in endemic 
species and limited to less than 30% of their original habitat extent. They conclude that although 
conservation progress has been made in most global biodiversity hotspots additional efforts are needed 
to slow and/or reduce increases in population density and achieve protected area targets, and that 
such conservation efforts are likely to require support from the global community. 

Globalization and externalization of cost are major drivers of biodiversity declines (Weinzettel et 
al. 2018) [64] as acknowledged by Cunningham and Beazley [41] and by Githiru and Njambuya [62]. 
There are growing trends and tensions in framing conservation policy in terms of ecosystem services 
rather than biodiversity (Cimon-Morin et al. 2013 [3]; Kusmanoff et al. 2017 [65]) with implications 
across boundaries at local to global scales. At the same time, if synergies can be found, these global 
processes may offer opportunities that support local biodiversity conservation, such as funding for 
protected area establishment and management, either for internal operations or reducing threats 
from outside (Angelsen 2008) [66]. Githiru and Njambuya's [62] calls for the polycentric approach 
of the nested REDD+ process are intended to address some of the globalization-driven biodiversity 
problems. They argue that such approaches have the potential to harness resources for protected area 
management and biodiversity conservation by using the appeal of greenhouse gas emissions as a 
global commodity, and that using carbon to build polycentric policy frameworks and infrastructure 
could facilitate future development of a similar system for biodiversity. Consistent with Cimon-Morin 
et al. (2013) [3], while there remain tensions and gaps, site complementarity for ecosystem services 
and biodiversity through systematic conservation planning could increase the efficiency for both. 
Global synergies could be derived particularly for large-scale regulating and supporting services such 
as carbon and climate regulation, which are considered to be at a maximum in intact ecosystems, 
potentially providing local funding in support of global conservation imperatives. 

4. Summary 

Protected areas are the gem of biodiversity conservation as they are areas set aside for natural 
pattern and process to prevail, relatively free from human intervention. Currently at about 15% 
coverage world-wide, they need to be two- to five-times more extensive if they are to meet science-based 
estimations of 25-75% protection and more effectively managed to maintain current levels of 
biodiversity. The scale of biodiversity loss is so great that the protected area estate alone is currently 
not equal to the task. Human activity dominates the surface of the land, has extensive impacts on the 
ocean, and dominates many ecosystems (Doney 2010 [67]; Venter et al. 2016 [9]). It is impossible to 
imagine the future of biodiversity without a profound human component as a major selective force, 
shaping patterns and processes for millennia, if the earth can bear it. 

It may be best to view large core protected areas as one highly concentrated end of a gradient 
of biodiversity conservation measures with every other part of the landscape managed with a lesser 
degree of biodiversity benefits in mind. As such it is critical to imagine the losses to biodiversity 
conservation function should management or designation changes occur within existing protected 
areas that weaken their ability to meet conservation goals. Adding to the protected areas estate using 
the tools and techniques of systematic conservation planning is a major goal for governments and 
conservation organizations throughout the globe (Moilanen et al. 2009) [68], Even so, the matrix in 
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which protected areas sit contributes to their isolation or connectivity, and thus cannot be ignored 
(Crooks & Sanjayan 2006) [69]. 

Human activities in the matrix that would improve connectivity and help meet local conservation 
goals such as representation of rare endemics can be guided through economic incentives, management 
partnerships, local-scale conservation planning for small protected areas, agro-ecological programs, 
wildlife laws and enforcement, and environmental education. Compatible low-intensity human 
uses that provide complementary bio-cultural conservation and ecosystem services can supplement 
protected areas and serve to buffer them from external threats. While few examples exist specific 
to protected areas management outcomes, hundreds of examples around the world support that in 
human dominated landscapes habitat conditions can be improved by targeted programs and volunteer 
spirit (Hunter 1990 [70]; Lindenmayer & Hobbs 2004 [71]; Stubbs 2014 [72]; Vandermeer & Perfecto 
2007 [73]). 

As the planet continues to undergo massive, human-caused changes in climate, biogeography, 
and ecosystem function, it is important to continue research on mechanisms for biodiversity 
conservation. The existing protected areas estate is a tribute to the past commitment to conserve 
biodiversity, yet may reflect a different paradigm than needs to be employed to meet new protection 
goals. Today, we know more about the 'where' and 'why' for establishment of new protected areas 
than ever before (Margules & Pressey 2000 [12]; Steffen et al. 2015 [2]). We know less than we should 
about the 'how' and new scholarship is reflecting a plethora of plausible mechanisms. The papers in 
this special issue, although not exhaustive by any means, provide a window into emerging topics for 
biodiversity and protected areas. 
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Abstract: Biodiversity hotspots are rich in endemic species and threatened by anthropogenic 
influences and, thus, considered priorities for conservation. In this study, conservation achievements 
in 36 global biodiversity hotspots (25 identified in 1988, 10 added in 2011, and one in 2016) were 
evaluated in relation to changes in human population density and protected area coverage between 
1995 and 2015. Population densities were compared against 1995 global averages, and percentages 
of protected area coverage were compared against area-based targets outlined in Aichi target 11 of 
the Convention on Biological Diversity (17% by 2020) and calls for half Earth (50%). The two factors 
(average population density and percent protected area coverage) for each hotspot were then plotted 
to evaluate relative levels of threat to biodiversity conservation. Average population densities in 
biodiversity hotspots increased by 36% over the 20-year period, and were double the global average. 
The protected area target of 17% is achieved in 19 of the 36 hotspots; the 17 hotspots where this target 
has not been met are economically disadvantaged areas as defined by Gross Domestic Product. In 2015, 
there are seven fewer hotspots (22 in 1995; 15 in 2015) in the highest threat category (i.e., population 
density exceeding global average, and protected area coverage less than 17%). In the lowest threat 
category (i.e., population density below the global average, and a protected area coverage of 17% 
or more), there are two additional hotspots in 2015 as compared to 1995, attributable to gains in 
protected area. Only two hotspots achieve a target of 50% protection. Although conservation progress 
has been made in most global biodiversity hotspots, additional efforts are needed to slow and/or 
reduce population density and achieve protected area targets. Such conservation efforts are likely to 
require more coordinated and collaborative initiatives, attention to biodiversity objectives beyond 
protected areas, and support from the global community. 

Keywords: biodiversity conservation targets; threat assessment; prioritization; biodiversity hotspots; 
human population density; protected areas 


1. Introduction 

Anthropogenic activities have generated significant negative impacts on natural environments. 
No other species has exerted such immense influence on all the other species, and rapid growth of 
human populations poses additional threats to biodiversity [1-3]. Areas with high human population 
densities are particularly threatened, through direct and indirect effects [4-7], To help counter such 
threats, biodiversity conservation has emerged as a global priority, to be addressed at multiple scales, 
and including tactics such as the establishment of protected areas and other effective area-based 
conservation measures [8,9], Since biodiversity and threats to it are not evenly distributed across the 
planet, various frameworks for identifying global priorities for conservation have been developed [8]. 
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Conservation priorities are often dictated through frameworks based on vulnerability (relative risk or 
threat to biodiversity) and irreplaceability (the degree to which options for safeguarding biodiversity 
values elsewhere are limited or restricted) [8,10-12]. These two measures have been combined in a 
variety of ways on the global scale to identify conservation priorities, including crisis ecoregions [13], 
endemic bird areas [14], centers of plant diversity [15], megadiversity countries [16], global 200 
ecoregions [17,18], high-biodiversity wilderness areas [19], frontier forests [20], and last of the wild [21]. 
In a review of global prioritization frameworks. Brooks et al. [8] found that most frameworks prioritized 
irreplaceability, but that some were 'reactive' (prioritizing high vulnerability) and others 'proactive' 
(prioritizing low vulnerability). In this study, we focus on global biodiversity hotspots [12-15,17-19]. 
Biodiversity hotspots meet two key criteria: (i) a minimum of 1500 endemic plant species; and, (ii) a 
loss of at least 70% of original habitat extent [11], By this definition they represent a reactive approach 
to conservation prioritization. They are considered high priorities for conservation attention because of 
their importance (irreplaceability) in safe-guarding global biodiversity and the threats (vulnerability) 
they are under. 

Global biodiversity hotspots were first identified by Myers [12], Initially, 10 forest biodiversity 
hotspots were identified, based on endemic species richness and threats from human activities, 
with eight hotspots from other ecosystem types added later [22], An extensive systematic global 
review subsequently identified seven additional global biodiversity hotspots, for a total of 25 [23,24]. 
Cincotta et al. [25] published 1995 human population density and growth rates for these 25 biodiversity 
hotspots, providing an important methodology and baseline study for assessing future levels of these 
measures in these and other conservation priority areas. The earlier biodiversity hotspot frameworks 
have been revised several times since their inception. A second systematic global update [26] redefined 
several hotspots and added others. In 2011, an additional hotspot was identified [27], bringing the 
total number of global hotspots to 35 [11]. In 2016, the global analysis was updated, bringing the total 
number to 36 [28]. The 25 hotspots originally identified by Myers, Mittermeier, and colleagues [12,24] 
remain in the updated set of 36 hotspots, though some have been renamed. Collectively, the global 
biodiversity hotspots cover a tiny fraction of the planet—just 4.6% of the Earth's total surface area 
(15.4% of the land area)—but they are important to biodiversity, representing 50% of vascular plants 
and 42% of terrestrial vertebrates as endemics [11,26]. 

The Strategic Plan for Biodiversity 2011-2020, signed at COP10, outlines global targets for 
biodiversity conservation. One of the targets in the plan, Aichi target 11, specifies that "by 2020, 
at least 17% of terrestrial and inland water areas ... , especially areas of particular importance for 
biodiversity and ecosystem services, are conserved through effectively and equitably managed, 
ecologically representative and well-connected systems of protected areas and other effective 
area-based conservation measures" [29], This minimum global target of 17% is politically defined 
rather than scientifically defensible and, thus, is regarded by many as an interim target [30]. Most 
scientific studies estimate 25-75% of a region is needed to protect biodiversity, some are calling for 
50% (half earth), and new global targets for beyond 2020 are currently being negotiated. Furthermore, 
the best practice in conservation planning calls for higher than average percentages of protection for 
rare or geographically-limited remnants of hotspots of diversity and rarity [30-33]. Given that the 
irreplaceable habitats represented in the global biodiversity hotspots have already been reduced to 
approximately 14.5% of their original extent, from 23.5 million km 2 to 3.4 million km 2 in 2004 [11,26], 
strong argument could be made for protecting as much as 100% of their remaining intact ecosystems. 

In light of the irreplaceability and vulnerability of these global biodiversity hotspots, we analyze 
how well their conservation is currently being achieved relative to measures in 1995, in comparison 
to protected area targets of 17% and 50%, and in the face of one of the biggest threats to 
biodiversity—increasing human population density (Figure 1), which presents additional challenges 
for conservation planning [3,25,34-36]. Our assessment follows up on Cincotta et al.'s [25] similar 
study in 1995, providing an update and comparison, and complements a recent assessment by 
Weinzettel et al. [37] of conservation priorities among hotspots based on a footprint measured as loss of 
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potential net primary production due to agricultural production and final consumption. Such diverse 
and on-going analyses are important in moving forward with future conservation strategies, such as 
new protected area targets beyond 2020. They also serve to illustrate the deficiencies inherent in relying 
upon discrete surrogate measures of threat no matter how well established, the ineffectual nature of 
global assessments to direct or inform within site or local conservation initiatives, and the importance 
of collaborative international and local conservation approaches, including those that extend beyond 
protected areas. 


2. Methods 


Quantitative analyses of human population densities (1995, 2015, and projected to 2020) and 
percentages of protected area coverage (1995 and 2015) were conducted for 36 global biodiversity 
hotspots identified by Mittermeier and colleagues [11] and the Critical Ecosystem Partnership Fund [28] 
(Figure 1). Changes in population density and protected area coverage from 1995 to 2015 were 
calculated. Population densities were compared against global averages, and percentages of protected 
area coverage were compared against area-based targets outlined in Aichi target 11 (17% by 2020) 
and half Earth (50%). Average population density and percentage of protected area coverage for 
each hotspot were then plotted against each other to evaluate relative levels of threat to biodiversity 
conservation in 1995 and 2015. Changes from 1995 to 2015 in the numbers and suites of global 
biodiversity hotspots falling within the high threat category (i.e., higher than global average population 
densities, and lower than target percentages for protected areas) were assessed. 
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Figure 1. Map showing the human population density (number of people per square kilometer) and 
the location of the biodiversity hotspots. Hotspots: (1) Atlantic Forest, (2) California Floristic Province, 
(3) Cape Floristic Region, (4) Caribbean Islands, (5) Caucasus, (6) Cerrado, (7) Chilean Winter Rainfall 
and Valdivian Forests, (8) Coastal Forests of Eastern Africa, (9) East Melanesian Islands, (10) Eastern 
Afromontane, (11) Forests of East Australia, (12) Guinean Forests of West Africa, (13) Himalaya, (14) Horn 
of Africa, (15) Indo-Burma, (16) Irano-Anatolian, (17) Japan, (18) Madagascar and the Indian Ocean 
Islands, (19) Madrean Pine-Oak Woodlands, (20) Maputaland-Pondoland-Albany, (21) Mediterranean 
Basin, (22) Mesoamerica, (23) Mountains of Central Asia, (24) Mountains of Southwest China, 
(25) New Caledonia, (26) New Zealand, (27) North American Coastal Plain, (28) Philippines, 
(29) Polynesia-Micronesia, (30) Southwest Australia, (31) Succulent Karoo, (32) Sundaland, (33) Tropical 
Andes, (34) Tumbes-Choco-Magdalena, (35) Wallacea, and (36) Western Ghats and Sri Lanka. 
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2.1. Population Density 

Population density methods followed Cincotta et al. [25]. Average human population density 
for each biodiversity hotspot was calculated using the Gridded Population of the World data for 1995, 
2015, and 2020 (predicted) [38]. These data were collated by the Socioeconomic Data and Applications 
Center at NASA using national censuses and population registers around the world at a 30 arc-second 
(approximately one kilometer at the equator) resolution. The authors of the data note several limitations 
of the data, such as the extrapolation of census data to the specific year of the data and the mapping 
of the geographical boundaries themselves [39]. The data are therefore not appropriate for use at 
small, localized scales, but are useful for analyses such as ours that focus on broad trends over 
large areas. Changes in average population density between 1995 and 2015, as well as 2015 and 
2020, were calculated via raster calculation. The change in population density for each hotspot was 
compared to the change in global (across all land, excluding ice or rock covered land; consistent 
with [25]) average density to identify those biodiversity hotspots in which the average population 
density is increasing at rates faster than the global average. 

2.2. Percent Protected Area 

Protected areas data for 1995 and 2015 were obtained from the World Database of Protected 
Areas (WDPA), United Nations Environment Programme (UNEP) [40], While most of these data 
are in polygon form, about 9% of protected areas in this database are recorded as points. Following 
recommendations in the user manual [41], points were converted to polygons using buffers based on 
the reported size of the protected area in the database. The dissolve tool was then used to eliminate the 
double counting of areas of overlap. These processed data were then used to determine the percentage 
of terrestrial protected area in each biodiversity hotspot in 1995 and 2015. The change in percentage 
area protected in each hotspot between 1995 and 2015 was also calculated and compared to the global 
change in percentage of terrestrial protected area over the same time period. 

2.3. Combining Population Density and Percent Protected Area to Assess Threat Level 

Pearson correlation coefficients were calculated for average population density and percentage of 
protected area for each biodiversity hotspot. The two factors were then used to determine the level of 
threat associated with each biodiversity hotspot, specifically: (i) whether average population density 
in 2015, change in average population density from 1995 to 2015, and predicted change in average 
population density for 2015 to 2020 were above or below the global averages; and, (ii) whether the 
17% and 50% protected areas targets were met. The results for each biodiversity hotspot at each time 
period were plotted, with population density values on the y-axis, and percent protected area on the 
x-axis. Results were grouped into quadrants defined by average population densities above or below 
the global average in 1995 and whether or not the Aichi target 11 goal of 17% terrestrial protection has 
been met. 

3. Results 

3.1. Population Density 

Over the 20-year time frame, average population density across all biodiversity hotspots increased 
by 36%, from 76 people per square kilometer (ppl/km 2 ) to 103 ppl/km2, which was a smaller 
increase in density than for the world as a whole (47% increase; from 38 to 56 ppl/km 2 ) (Table Al). 
However, 11 hotspots saw average population density increases at rates higher than the global average. 
The highest raw change was found in the Philippines (28) (103 ppl/km 2 ); the highest rate of change was 
found in the Horn of Africa (14) (88.24%). In both 1995 and 2015, the average population density across 
all biodiversity hotspots was about double the global average in both 1995 (76 ppl/km 2 and 38 ppl/km 2 , 
respectively) and 2015 (103 people/km 2 ; 56 ppl/km 2 ) (Figures 2 and 3). In 2015, average population 
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densities ranged from 3 ppl/km 2 in the Succulent Karoo (31) to 345 ppl/km 2 in the Philippines (28); 
21 of the 35 biodiversity hotspots had average population densities above the global average. 

Overall, the predicted average population density for 2020 in hotspots is 112 ppl/km 2 , compared 
to a predicted global average of 61 ppl/km 2 . Average population densities in biodiversity hotspots are 
predicted to range from 4 ppl/km 2 in the Succulent Karoo (31) to 378 ppl/km 2 in the Philippines (28). 
In total, 21 of the 35 biodiversity hotspots are expected to have average population density higher than 
the global average (the same as the 2015 data). This predicted change in average population density 
represents an 8.74% increase in the biodiversity hotspots, which is on par with the world, which is 
predicted to see an 8.93% increase. The full results for the population densities in biodiversity hotspots 
for 1995, 2015, 2020 (predicted), and the changes between them can be found in Table Al. 

3.2. Percent Protected Area 

In 2015, 23.22% of the terrestrial and inland water areas of biodiversity hotspots was protected, 
which was above the global total of 14.7% (Table A2). However, there is high variability in the 
percentage protected of each hotspot, ranging from just 2.19% in the East Melanesian Islands (9) to 
57.74% in New Caledonia (25). Overall, 23 hotspots were protecting more than the global average 
of 14.7% and 19 had met or exceeded the Aichi target 11 goal of 17% protected area. Two hotspots 
(Cerrado (6) and New Caledonia (25)) exceeded 50% protection. From 1995 to 2015, the protected area 
within hotspots increased by 12.44% on average, which was higher than the global increase of 4.9% 
over the same period. In 23 of the 36 biodiversity hotspots, the percentage of land in protected areas 
increased by more than the global average. The highest increases were seen in Cerrado (6) (36.86%) 
and the lowest increases were seen in the Horn of Africa (14) (0.46%). The full results for the percentage 
of area protected in each biodiversity hotspot for 1995 and 2015 and the change between them can be 
found in Table A2. 

3.3. Comparing Population Density and Percent Protected Area 

The average human population density and percentage of protected area in the biodiversity 
hotspots is not statistically correlated for 1995 (correlation coefficient 0.30) or for 2015 (correlation 
coefficient —0.09) (Table A3). It is worth noting, however, that three (New Caledonia (25), Cerrado (6) 
and Tropical Andes (33)) of the four hotspots with the highest percentages (>45%) of protected area in 
2015 also had relatively low average population densities; among the four, only Cape Floristic Region 
(3) was above the global average. The Aichi Target 11 aim of 17% protection was met in hotspots with a 
range of average population densities, from high densities in Japan (17) (29.42% protected; 336 ppl/km 2 
average population density) to low densities in Southwest Australia (30) (17.06% protected; 6 ppl/km 2 
average population density). 

The mean population density and percentage terrestrial area protected were plotted against each 
other for both 1995 (Figure 2) and 2015 (Figure 3). This placed hotspots into quadrants based on 
whether or not mean population densities were above the 1995 and 2015 global averages and whether 
or not the 17% or 50% targets for terrestrial protected area were met. In 1995, there were only three 
biodiversity hotspots with 17% or more of terrestrial area protected and a mean population density at 
or below the 1995 global average (Figure 2; Table 1). In 2015, there were five hotspots in this quadrant: 
the three from 1995 ((Cerrado (6), New Caledonia (25) and New Zealand (26)), plus Southwest Australia 
(30) and Succulent Karoo (31) (Figure 3; Table 1). If the 2015 global average population density is used, 
an additional three hotspots would be in this lower-threat group (Tropical Andes (33), Chilean Winter 
Rainfall and Valdivian Forests (7) and Forests of East Africa (11)). No hotspots met or exceeded a 50% 
protected area target in 1995, however two (Cerrado (6) and New Caledonia (25)) met the target in 
2015, representing the least-threatened hotspots. 

In 1995, there were 22 hotspots in the highest-threat quadrant, with mean population densities 
above the global average and less than 17% protected area (Table 1). In 2015, there were seven fewer 
hotspots in this quadrant due to increases in protected area, and one due to lower average population 
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density (Mountains of Southwest China (24)), leaving 14 hotspots in the high threat quadrant. If 50% is 
considered as a protected area target, all but two hotspots (Cerrado (6) and New Caledonia (25)) shift 
into the higher threat category (mean population densities above the global average and less than 50% 
protected area). 


400 



Percentage Protected 


Figure 2. 1995 mean population densities (number of people per square kilometer) and percentage 
terrestrial area protected in each biodiversity hotspot. The x-axis crosses the y-axis at 38 people 
per square kilometer (the global average in 1995). The y-axis crosses the x-axis at 17% protected 
area, the target defined in Aichi target 11; the half-earth target of 50% protection is also shown. 
The upper-right quadrant represents hotspots that are under the most threat—they have an average 
human population density above the 1995 global average and less them 17% protected area. Lower-left 
quadrants represent hotspots under lesser threats—they have average human population densities at 
or below the global average and at least 17% of the area is under protection, or at least 50% protection 
(the lowest threat category). Hotspot numbers correspond with Figure 1. 
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Percentage Protected 


Figure 3. 2015 mean population densities (number of people per square kilometer) and percentage 
terrestrial area protected in each biodiversity hotspot. The x-axis crosses the y-axis at 38 people per 
square kilometer (the global average in 1995); the 2015 global average population density (56 people 
per square kilometer) is also indicated. The y-axis crosses the x-axis at 17% protected area coverage, 
the target under Aichi target 11; the half-earth target of 50% protection is also indicated. The upper-right 
quadrant represents hotspots that are under the most threat—they have an average human population 
density above the 2015 global average and less than 17% protected area. The lower-left quadrant 
represent hotspots under the least threat—they have an average human population density at or below 
the 1995 global average and at least 50% protected area. Hotspot numbers correspond with Figure 1. 
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Table 1. Biodiversity hotspots falling within high- and low-threat categories in analyses based on 
average human population densities relative to global average and protected area relative to 17% and 
50% targets in 1995 and 2015, as shown in Figures 2 and 3. 


1995 


2015 


High Threat Categories 

(Average human population density >1995 global average; <17% protected area) 


Atlantic Forest (1) 

California Floristic Province (2) 

Cape Floristic Region (3) 

Caribbean Islands (4) 

Caucasus (5) 

Coastal Forests of Eastern Africa (8) 
Guinean Forests of West Africa (12) 
Himalaya (13) 

Indo-Burma (15) 

Irano-Anatolian (16) 

Madrean Pine-Oak Woodlands (19) 
Maputaland-Pondoland-Albany (20) 
Mediterranean Basin (21) 
Mesoamerica (22) 

Mountains of Central Asia (23) 
Mountains of Southwest China (24) 
North American Coastal Plain (27) 
Philippines (28) 
Polynesia-Micronesia (29) 
Sundaland (32) 

Tumbes-Choco-Magdalena (34) 
Wallacea (35) 


Average human population density >2015 and >1995 
global averages; <17% protected area: 

California Floristic Province (2) 

Caucasus (5) 

Himalaya (13) 

Indo-Burma (15) 

Irano-Anatolian (16) 

Maputaland-Pondoland-Albany (20) 

North American Coastal Plain (27) 

Philippines (28) 

Polynesia-Micronesia (29) 

Sundaland (32) 

Wallacea (35) 

Average human population density >1995-2015 global 
average; <17% protected area: 

Madagascar and the Indian Ocean Islands (18) 
Madrean Pine-Oak Woodlands (19) 

Mountains of Central Asia (23) 


Low threat categories 

(Average human population density <1995 global average; >17% protected area) 


(Average human population density <1995 global average; >17%-<50% protected area: 

Cerrado (6) 

Cerrado (6) New Caledonia (25) 

New Caledonia (25) New Zealand (26) 

New Zealand (26) Southwest Australia (30) 

Succulent Karoo (31) 


(Average human population density <1995 global average; >50% protected area: 

Cerrado (6) 

New Caledonia (25) 


4. Discussion 

4.1. Using Human Population Density as a Measure of Threat to Biodiversity 

Cincotta and colleagues [25] examined mean human population densities (based on the same 1995 
data used in this paper) and population growth rates between 1995 and 2000 in 25 biodiversity hotspots. 
For these 25 hotspots, our calculations of 1995 mean human population densities yielded similar results 
(any differences were non-significant and likely attributable to the different underlying hotspot datasets 
used). Although Cincotta and colleagues also looked at population growth rates in these hotspots, 
we analysed actual (1995-2015) changes in population density because population growth rates can be 
misleading indicators of risk [25]. These different methods yielded different pictures of the changes in 
human populations in these hotspots. For example, in our analysis, the California Floristic Province (2) 
was identified as having the fastest growing population density (an 87% increase between 1995 and 
2015, as compared to global average of 47%), whereas Cincotta et al. [25] calculated the population 
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growth rate for this hotspot as right at the global average (between 1995 and 2000), which was a 
relatively low growth rate as compared to other hotspots. 

Although human population density is frequently used as a proxy for threat to biodiversity [3,25,42-44], 
there are caveats to the method. First, it only measures human presence in the discreet analytical 
unit and does not take into account the indirect effects that localized high densities, such as urban 
populations, can have on surrounding ecosystems. Cities can alter ecosystems over great distances, 
potentially even thousands of kilometers away. Second, using average population density throughout 
a biodiversity hotspot obscures patterns of population distribution within the area. The hotspots are 
mostly large with population density widely variable within them. For example, the Mountains of 
Southwest China (24) and Forests of Eastern Australia (11) have similar average population densities 
(38 and 41 ppl/km 2 , respectively) and total areas (262,129 and 254,388 km 2 , respectively), but very 
different patterns of population distribution. In the Mountains of Southwest China (24), the population 
is spread throughout the hotspot (Figure 4a). Conversely, the human population of the Forests of 
Eastern Australia (11) is concentrated along the coast in a few, densely populated cities: Sydney, 
Brisbane, Newcastle and Cairns. The rest of the hotspot is virtually uninhabited (Figure 4b). Obscuring 
the pattern of population distribution within hotpots also obscures the ecological footprint of the 
various populations that live throughout biodiversity hotspots. In hotspots where population is 
distributed throughout, conservation initiatives may be more prevalent throughout the region in a 
'land-sharing' approach, in which humans and nature coexist [45-47]. In those where the population is 
more spatially concentrated, greater opportunities may exists for 'land-sparing', in which larger and 
more connected protected areas may be set aside. Further, it is well established that land-use activities 
such as agriculture, timber harvesting and mining can be extensive and intensive in terms of impact 
on biodiversity, even in areas with low population densities [37]. 
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Figure 4. Maps showing the population density of two biodiversity hotspots, the Mountains of 
Southwest China (11.3% protected area in 2015) (a) and the Forests of East Australia (23.1% protected 
area in 2015) (b). Both hotspots have similar average population densities (38 and 41 ppl/km 2 , 
respectively) and total areas (262,129 and 254,388 km 2 , respectively), but the patterns of population 
distribution differ. 
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Despite these limitations, population density is generally accepted as an indicator for assessing 
broad trends over large areas and can be considered a better measure of environmental impact than 
total population or population growth [34], However, both density and growth rates mask the cultural 
aspects of the populations they represent and the impacts they have on their surrounding environment 
(e.g., how affluent they are and what technologies they utilize) [25]. Furthermore, understanding of the 
human population density-biodiversity relationship is biased towards global, coarse scaled studies [34]. 
However, given that this study is a global, coarse scaled study, assessing human population density 
as a factor in biodiversity conservation is appropriate. Although it cannot be said definitively that 
increasing human population density in biodiversity hotspots directly threatens the biodiversity 
of these areas, there is a general consensus that the presence of human populations is a key factor 
contributing to the decline and extirpation of native species [1-3]. Furthermore, an increased human 
presence can hinder conservation efforts and the establishment of new protected areas in a region [34], 
Nonetheless, it is important to measure indicators other than population density alone. 

4.2. Wealth Inequality and Conservation in Biodiversity Hotspots 

A potentially worrying trend is the wealth inequality between the countries where the biodiversity 
hotspots are considered critical or threatened in terms of population density and area protected, 
in comparison to those deemed low or least concern. As noted by Mittermeier and colleagues [11], 
one of the major outcomes of the hotspot designations was an increase in global conservation funds 
(in excess of 1 billion dollars, US) being directed at some of the most ecologically sensitive places on 
Earth. While progress has been made in a number of hotspots (for example, in the Cape Floristic 
Region (3) protected areas more than tripled in size between 1995 and the present), about half (18 of 
35) hotspots do not meet 17% protected area as set out by Aichi target 11, and only two exceed 50%. 
With the notable exception of the California Floristic Province (2) (one of the wealthiest areas on the 
planet), hotspots that have not achieved the 17% protected area target are located in countries that are 
struggling economically [48], many of which are also dealing with other significant challenges such as 
war (Irano-Anatolian (16) and Horn of Africa (14)—civil wars in Syria, Somalia and Yemen), famine 
(Horn of Africa (14)—associated with the aforementioned civil wars), social unrest (Indo-Burma (15) 
and Philippines (28)), and rapid sea level rise (Sundaland (32) and Polynesia-Micronesia (29) [49]. 
In contrast, despite being one of the wealthiest places on the planet, the California Floristic Province 
has failed to protect 17%. One contributing factor may be that this hotspot has the highest growth 
in population density since 1995 and the fourth highest average population density. However, 
17% protection has been met in the four other hotspots with equivalent (Guinean Forests of West Africa 
(12) and Caribbean Islands (4)) or higher (Japan (17) and Western Ghats and Sri Lanka (36)) average 
population densities. The only other hotspot with higher population density in which the 17% target 
has not been met is the Philippines (2), which, as noted, is struggling with significant economic and 
social challenges. Half of the biodiversity hotspots that do not meet the 17% protected area target 
have average population densities above the global average, a factor that will further complicate 
conservation efforts in those regions [34]. 

Wealthy nations, such as the United States, in which the California Floristic Province is located, 
need to step up protection efforts for global biodiversity hotspots located within their boundaries. 
Those that are signatory to the Convention on Biodiversity should at a minimum follow through on 
their commitments to Aichi target 11. Beyond these internal commitments, however, relatively wealthy 
nations should recognize their responsibilities to other global hotspots in terms of world leadership 
and stewardship in general, but also in response to their indirect role in the loss of natural habitat in 
the hotspots, such as through their consumption of agricultural and other products produced in those 
regions and exported through global trade [37]. It is unrealistic, and unethical in terms of international 
equity, to assume that conservation targets will be met in economically and socially challenged regions 
without extensive support from the global community. 
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4.3. Towards 2020 and Aichi Target 11 

Over the 30 years since Myers [12] first introduced the concept of biodiversity hotspots there has 
been significant progress in conservation within the hotspots, but threats to their conservation have also 
continued. Looking towards 2020 and beyond, more resources will need to be directed at biodiversity 
hotspots. It is important that conservation efforts be directed at places that are vulnerable due to high 
human presence, in addition to regions where fewer people live, though these less-populated places 
may also be highly threatened by human activities such as resource extraction. As Cincotta et al. [25] 
note, biodiversity hotspots with low population density may also be highly threatened by extensive 
and intensive resource extraction, such as through disturbances related to 'over-logging, burning, 
grazing, mining and commercial hunting that have extracted or degraded natural resources, abetted 
biological invasion or polluted soil and water resources' [50]. Many hotspots are at risk from land 
conversions to agriculture, the effects of which are further compounded by international trade and the 
consumption of the products in wealthy nations [37]. Consideration of these various factors can result 
in different estimations of threat. 

Of the 10 hotspots that Weinzettel et al. [37] identified as facing the greatest threats from agriculture, 
only four fell into our high threat category (Irano-Anatolian (16), Maputaland-Pondoland-Albany (20), 
Sundaland (32) and Wallacea (35)), and two into our low threat category (New Zealand (26) and Succulent 
Karoo (31)). The remaining four (Cape Floristic Region (3), Mediterranean basin (21), Mountains of 
Southwest China (24) and Western Ghat and SriLank (36)) had human populations densities higher than 
the 1995 global average, but also had 17% or more in protected area, thus reducing their threat level in 
our assessment. Such variations point to the importance of considering multiple factors in identifying 
threats so as to respond with various forms of conservation initiatives to address fundamental and 
proximate causes, local and global mechanisms, and reactive and proactive approaches. Furthermore, 
that two different approaches identified four hotspots in common as highly threatened lends confidence 
to the notion that significant and immediate conservation attention should be brought to these hotspots. 

The conservation targets set out in Aichi Target 11 are political in nature, and fall far below the 
ecologically-based 25-75% protection estimated by scientific studies (for reviews, see for example, [31-33]. 
The 17% target should therefore be regarded as a stepping stone towards more wide-spread protection. 
Current levels of protection, even in regions that meet Aichi Target 11, are woefully inadequate. This is 
especially true in the most biodiverse and/or threatened places on Earth, such as the biodiversity 
hotspots, where best practices would call for higher than average percentages of protection. Therefore, 
we echo the calls made by Baillie and Zhang [30], Wilson [51], Locke [52], and others for increased 
biodiversity conservation targets—that current conservation targets are too low, especially in the most 
vulnerable regions of the planet. Targets for biodiversity conservation should err on the side of caution, 
and given the irreplaceable nature of the hotspots, it is not unreasonable to call for 100% of their 
remaining intact ecosystems to be protected. The consequences of meeting targets that are too low are 
far greater than meeting those that are too high. On the other hand, a strict focus on percentage-based 
targets alone can have many unintended and perverse consequences [53], and thus efforts must take 
into account the needs of local peoples, careful siting and design of protected areas, and provisions for 
their effective governance and management, to maximize conservation impact. 

A factor which was not examined in this study, but which will be important in future conservation 
planning in the hotspots, is ecological connectivity and permeability, the degree to which landscapes are 
able to facilitate species movement between them [54,55]. Similar to the different patterns of population 
density and protected areas in biodiversity hotspots (Figure 5), there are also different degrees to which 
species movement can be facilitated on the landscape. Although direct connectivity between protected 
areas is important, the permeability of the matrix within hotspots must also be considered to facilitate 
the ecosystem processes that keep the hotspots functional [55,56]. Considerations of permeability 
will be of importance where there is a high degree of human presence on the landscape, as ecological 
function is especially vulnerable in such landscapes [57]. 
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Figure 5. Patterns of protected area and population density in biodiversity hotspots: (a) California Floristic 
Province (15.3% protected area in 2015), (b) Sundaland (13.6% protected area in 2015), (c) Cape Floristic 
Province (47.4% protected area in 2015), (d) Horn of Africa (8.8% protected area in 2015), (e) Southwestern 
Australia (17.1% protected area in 2015), and (f) New Zealand (32.6% protected area in 2015). 


Taken together, the various patterns of population density and protected areas offer a picture of 
the current state of conservation in each hotspot and provide perspective on the challenges that lay 
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ahead for maintaining and/or restoring ecological connectivity. For example, in the California Floristic 
Province (2) (Figure 5a), the majority of protected areas are located away from areas of high population 
density (with the exception of a few protected areas around the San Francisco Bay Area), but they are 
not well connected to each other. In New Zealand (26) (Figure 5f) the protected areas are similarly 
located away from where people live, but they are much more connected than in California, particularly 
on the South Island. Conversely, in the Cape Floristic Region (3) (Figure 5c) there is a reasonably 
well-connected system of protected areas that runs through the city of Cape Town, effectively bisecting 
the densest part of the city. 

Immense challenges lie ahead for biodiversity hotspots where there is little protected area and 
high population density, such as Sundaland (32) (Figure 5b) and the Horn of Africa (14) (Figure 5d). 
In these regions there is often a high reliance on natural resources by the local peoples. It is likely that 
a simple expansion of protected area will be insufficient in all cultural contexts, particularly in areas 
where illegal logging and poaching remain a major problem. Conservation efforts should, therefore, 
entail other culturally-appropriate measures to safeguard biodiversity [35,58]. Conservation in areas 
where people live and work is likely to look different in different cultural contexts. 

4.4. Data Limitations 

There are numerous acknowledged issues with the World Database of Protected Areas (WDPA) 
that limit the accuracy of this analysis. One issue is spatial accuracy—the data in the WDPA is compiled 
by the UNEP in collaboration with a wide range of government and NGO partners. A wide range 
of sources means that there are a variety of different scales and techniques used to gather the data 
in the WDPA [39]. As discussed in the methods section, roughly 9% of protected areas in the WDPA 
are recorded as points rather than polygons. Excluding these areas would, therefore, likely result 
in a substantial underestimate of protected areas. In order to include these protected areas, buffers 
were created in accordance with the recorded area for each protected area [39]. While this does not 
account for the shape and extent of protected areas, it does allow for general spatial/areal analyses, 
sufficient for this analysis. Finally, there are many protected areas which overlap in the WDPA, an issue 
that is augmented with the addition of buffers on the point data [39]. As described in the methods 
section, this issue was resolved by running the dissolve tool on the data in ArcGIS Pro (ESRI: Redlands, 
California, United States) to eliminate overlap. 

4.5. Future Conservation Planning 

Factors other than human population density and percent protected area contribute to the status 
of biodiversity and its conservation and thus must be considered when setting conservation objectives, 
including (i) threats such as habitat loss, climate change, overexploitation, invasive species [59], and (ii) 
the effectiveness of protected areas, measured as the strength of protection and size and/or connectivity 
of the protected areas network. It should also be noted that setting conservation priorities on the basis 
of biodiversity hotspots defined as those rich in endemic species and threatened by anthropogenic 
influences is a relatively reactive approach, as they are by definition areas that are already degraded or 
threatened. Therefore, an approach that focuses on critical biodiversity hotspots should be balanced 
by a proactive approach that incorporates some of the least-threatened highly diverse regions, in order 
to protect the best of what's left of the world's biodiversity while human pressures and interests in 
those areas remain less intense. 

Although there are a handful of protected areas around the world within densely populated 
areas (such as Table Mountain National Park in the Cape Floristic Region (3)), they are not the norm, 
and the general paradigm is that conservation is an act that happens away from where people live. 
However, the reality is that hundreds of millions of people live in some of the most biologically 
diverse places on Earth. A fundamental shift in what we think conservation is supposed to look like is 
needed. Conservation is not simply something that happens 'over there', on lands away from humans, 
but rather it is possible and, as these results indicate, necessary, to meet biodiversity conservation 
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targets where many people live and work, as well as in more remote regions. To adequately safe 
guard biodiversity we need to adopt new approaches to conservation that recognize that we are 
part of biodiversity and that areas of high human population density do not need to be places 
of conflict with nature, but rather they should be places of coexistence [45-47]. To achieve this, 
collaboration and participatory action in conservation planning will be crucial, especially across 
multiple scales [60,61]. A framework for how this could be carried out on the ground are the landscape 
conservation cooperatives (LCC) in the United States, which show promise that large scale collaboration 
across governments, NGOs and others is possible. LCCs aim to connect a variety of actors through 
a bottom up approach to engagement in systematic conservation planning at regional scales [61] 
The model could prove to be useful for safeguarding biodiversity on large scales all over the world, 
including in the hotspots. 

5. Conclusions 

This study examined two of many factors that affect biodiversity, human population density and 
percent protected area. Although significant progress has been made through conservation efforts in 
biodiversity hotspots over the last twenty years, more is needed. By 2015, the Aichi target 11 goal of 
17% protection of terrestrial lands and inland waters had been met in 19 of the 36 hotspots. Only two 
hotspots had achieved the more-ecologically-realistic target of 50%. The majority of hotspots that did 
not meet the 17% target are in economically disadvantaged nations. Efforts to meet and exceed these 
targets will require financial support and other resources from the global community. Compounding 
the challenge of these future efforts will be increasing human presence in the biodiversity hotspots. 
Hundreds of millions of people currently live in these areas, and ongoing increases in their populations 
are putting more pressure on already strained ecosystems. To meet conservation targets in the 
biodiversity hotspots, an approach that recognizes that humans are part of nature and that areas of 
high population density can become areas where people live in coexistence with the natural world 
is necessary. 
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Sundaland (32) 130 172 42 32.3 187 15 8.7 

Tropical Andes (33) 34 46 12 35.3 51 5 10.9 

Tumbes-Choco-Magdalena (34) 43 63 20 46.5 72 9 14.3 

Wallacea (35) 71 100 29 40.8 112 12 12.0 

Western Ghats and Sri Lanka (36) 276 335 59 21.4 354 19 5.7 





Table A2. Protected Area Data for Biodiversity Hotspots. 
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Table A3. Correlation Coefficients for Population Density and Protected Area in Biodiversity Hotspots. 
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Abstract: Identifying protected areas most susceptible to climate change and deforestation represents 
critical information for determining conservation investments. Development of effective landscape 
interventions is required to ensure the preservation and protection of these areas essential to 
ecosystem service provision, provide high biodiversity value, and serve a critical habitat connectivity 
role. We identified vulnerable protected areas in the humid tropical forest biome using climate 
metrics for 2050 and future deforestation risk for 2024 modeled from historical deforestation and 
global drivers of deforestation. Results show distinct continental and regional patterns of combined 
threats to protected areas. Eleven Mha (2%) of global humid tropical protected area was exposed to 
the highest combined threats and should be prioritized for investments in landscape interventions 
focused on adaptation to climate stressors. Global tropical protected area exposed to the lowest 
deforestation risk but highest climate risks totaled 135 Mha (26%). Thirty-five percent of South 
America's protected area fell into this risk category and should be prioritized for increasing protected 
area size and connectivity to facilitate species movement. Global humid tropical protected area 
exposed to a combination of the lowest deforestation and lowest climate risks totaled 89 Mha (17%), 
and were disproportionately located in Africa (34%) and Asia (17%), indicating opportunities for 
low-risk conservation investments for improved connectivity to these potential climate refugia. 
This type of biome-scale, protected area analysis, combining both climate change and deforestation 
threats, is critical to informing policies and landscape interventions to maximize investments for 
environmental conservation and increase ecosystem resilience to climate change. 

Keywords: protected areas; climate change; deforestation; tropics; biodiversity; conservation 


1. Introduction 

Protected areas (PAs) represent a cornerstone strategy for preserving global biodiversity. PAs and 
connective corridors have, to date, been established over approximately 15% of the global terrestrial 
surface to provide refuge and to facilitate migrations and diversification of the gene pools among 
secluded populations [1,2]. Protecting important ecosystems is also essential to preserve ecosystem 
services and for climate change mitigation and adaptation strategies [3]. Furthermore, improving 
habitat extent and connectivity, a barrier to species dispersal, is vital to improving the adaptive capacity 
of species to climate change [4,5]. 

PAs have proven effective in reducing habitat destruction and deterring some illegal activities 
including poaching, illegal logging, and cattle grazing [6]. However, the expansion and maintenance 
of a robust protected area network that meets global conservation goals has been, and continues to 
be, challenging [1,7,8]. Chronic underfunding, shorter-term investments, lack of political support. 
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and limited local engagement contribute to the current trends of PA deterioration [9]. In addition, 
there is an urgent need to assess the conservation outcomes of protected areas to design more effective 
interventions and improve management of protected areas [10]. 

Climate change presents an additional challenge to the effectiveness of PAs because the global 
protected area network accounts for the current distribution of species and habitats, not potential 
future distributions. Static PAs may be ineffective when trying to protect biodiversity during a century 
likely to be characterized by shifting species ranges, elevational migrations, and possibly extinctions 
due to climate change [11-14], Segurado et al. [15] estimated 6-11% of species will be pushed out 
of reserved areas by mid 21st century. Loarie et al. [16] estimated only 8% of PAs have the climatic 
heterogeneity required to accommodate species shifts in response to anticipated climate change over 
the next 80 years. 

A combination of restricted migration due to habitat reduction and fragmentation, and with the 
projected rapid warming or drying are likely to render species more vulnerable than during previous 
historical episodes of climate change [17,18]. Some projections of climate change impacts on species 
estimate an average of 8-16% global extinction risk depending on the representative concentration 
pathway [19]. Furthermore, two-thirds of Earth's species are concentrated in the tropics, predominantly 
in tropical forests [20] and these forests are under significant threat from agriculture conversion and 
resource extraction. Only one quarter of the -1990 extents of these humid tropical forests remain, 
and they are reduced by an additional 5.5 million hectares each year [21]. While an estimated 23% of 
tropical forests are under protection, deforestation continues to occur inside tropical PAs [22]. 

Solutions to protecting species from climate change are dependent on land use planning and 
management; for example, protected area network expansion, protecting climate refugia, and 
climate-change corridors [23-26]. Planning for PA expansion or corridors requires knowledge of both 
climate risks and deforestation risks to strategically invest in effective land use planning for habitat 
preservation or restoration. Researchers have employed a variety of modeling techniques to inform 
the potential impacts of anthropogenic change on biodiversity [27]. Assessing biodiversity threats 
from deforestation is based directly on observed data typically from satellite remote sensing [28-32]. 
Using observed rates of change with information on the driving forces of land cover change 
allows for deforestation risk assessments or projections of future forest cover scenarios into the 
near-future [33]. The biodiversity response to habitat change is well documented and the consequences 
are severe. The uncertainty related to deforestation risk projections are tied to uncertainties in 
changing geopolitical and socioeconomic factors that directly affect drivers of deforestation making 
long-term forest cover projections (greater than 20 years) ineffective. Climate models are optimized 
for longer-term future projections (50-100 years), however, projecting the impacts of climate change 
on biodiversity is challenging given the uncertainties of how vulnerable or adaptable individual 
species are to climate change [34,35]. Thus, many studies avoid specifying climate tolerance of species, 
indirectly assessing climate change impacts on species by quantifying climate change on habitat or in 
restricted habitats such as PAs [16,36-38]. 

In recent years, researchers have applied climate metrics applied to measure biodiversity 
exposure to climate change risks [39]. For example, climate metrics measuring climate dissimilarity 
(i.e., disappearing and novel climates) are global risk surfaces indicating areas of extreme climatic 
regime shifts. Disappearing climates indicate areas where the late 20th century climate will cease to 
exist and therefore species adapted to these climates will go extinct if unable to adapt to new climatic 
conditions. These species cannot simply migrate to a new location because there are no future climate 
regimes that meet their 20th century niche requirements [40]. Novel climates, similarly, are too different 
from any 20th century climate to support the current species if the species are unable to adapt to the 
new climate. Novel climates are particularly challenging for ecological forecasting because of the 
uncertainty of species adaptability to these new climates that did not exist in the 20th century [39-42]. 

Land use change and climate change are interlinked as human-induced forces disrupting 
ecological processes and driving global change [43-45]. Yet to date, only a handful of studies have 
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addressed the combined impacts of future climate change and land cover change (e.g., [26,43,46,47] 
despite the risk of extinction and negative economic and human well-being affects from these 
stressors [18,48-50]. Evaluating the vulnerability of the protected area system to both climate change 
and habitat loss is essential to inform the prioritization of conservation investments, adaptation and 
mitigation strategies, and land use planning initiatives that aim to preserve biodiversity and promote 
long-term resilience. These interventions are crucial towards achieving a range of international 
initiatives and agreements including Reducing Emissions from Deforestation and Degradation 
(REDD+), the Aichi biodiversity targets and the United Nations Sustainable Development Goals 
(SDGs). In this study, we assessed the exposure of PAs in the humid tropical forest biome to both 
deforestation risk derived from satellite monitoring and climate exposure metrics to compare how the 
exposure of PAs varies among continents and regions to inform transboundary landscape management 
solutions. Understanding the potential impacts of anthropogenic change on PAs is critical to informing 
where and how to invest in biodiversity conservation. 

2. Materials and Methods 

2.1. Protected Areas 

We used the World Database of Protected Areas (WDPA) [51] and selected PAs within the humid 
tropical forest biome, based on the tropical/subtropical moist broadleaf forest class defined in the 
Terrestrial Ecoregions of the World [52]. We defined forest as areas with greater than 10% tree cover in 
2000 [30]. This threshold captures low-density dry forests, in addition to denser forests. PAs without 
any forest cover meeting the definition were omitted from the analysis. We also omitted PAs located 
outside the spatial extent of the climate data used in the analysis, as described below. This yielded 
7672 remaining PAs of the 8161 total terrestrial PAs in the humid tropical forest biome. 

2.2. Deforestation Risk 

For exposure to anthropogenic land cover change, we used a potential deforestation risk layer 
generated using historical deforestation (2000-2014) and a suite of potential deforestation drivers [53]. 
The historical deforestation was based-on 30-m global forest loss data from Hansen et al. [30] using 
a forest definition of 10% tree cover [54] in 2000. The tree cover dataset, by definition, included 
both natural and production forests. We used a set of potential drivers of deforestation (Table 1) as 
explanatory variables to predict deforestation. First, we aggregated all deforestation and driver data to 
lkm due to the resolution of the majority of the deforestation driver datasets. Next, we tested these 
variables for predicating deforestation and selected only variables with a significant relationship to 
historical deforestation. We used a multi-layer perceptron model in TerrSet Land Change Modeler 
software (https://clarklabs.org/terrset/) to generate a layer of future deforestation risk [33]. The layer 
represented the modeled percent likelihood of potential deforestation, scaled from 0-1, by 2024. 


Table 1. Driver variables used to generate potential deforestation risk. 


Variable 


Source 


Distance to railroads 


VmapO [55] 
VmapO [55] 
VmapO [55] 


Distance to roads 
Distance to trails 


Distance to urban areas 


[56] 

Global Multi-resolution Terrain Elevation Data [57] 
Derived from Elevation 
GeoCarbon [58] 

[59] 


Elevation 

Slope 


Above Ground Biomass 
Human Influence Index 
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Table 1. Cont. 


Variable 

Source 

Crop suitability 

GLUES [60] 

Irrigation area 

FAO [61] 

Global Opportunity Cost 

[62] 

Annual Precipitation 

Bioclim [63] 

Annual Mean temperature 

Bioclim [63] 

Protected Areas 

[51] 

Ecoregion Biomes 

[52] 


2.3. Climate Exposure 

We analyzed the relative exposure to climate change using two climate metrics generated from 
10-min, downscaled future climate projections. The two metrics were: (1) disappearing climate 
risk and (2) novel climate risk [64], We calculated both metrics for 2050 with a high emission 
scenario, using the IPCC AR4 A2 scenario, similar to AR5 RCP8.5 [65]. The metrics represented 
dissimilarity measurements of the squared Euclidean distance between seasonal (June-August and 
December-February) temperature and precipitation variables in the 20th century climate and mid- 
20th century climate [40,66]. The disappearing climate metric was a measure of dissimilarity between 
a pixel's late 20th century climate and its closest matching pixel in the global set of 21st-century 
climates. The novel climate metric represented the dissimilarity between a pixel's future climate and its 
closest matching pixel in the global set of late 20th-century climates. We calculated mean disappearing 
and mean novel climate metrics for each of the 7672 PAs. High disappearing risk for a PA indicated 
that a PA's current climate was very different from any climate that will exist anywhere globally in the 
mid-21st century, therefore at risk for disappearing. High novel risk for a PA indicated that the future 
climate was very different than any climates that existed in the 20th-century and therefore emerged as 
new climates previously unknown in the 20th century. 

2.4. Methods 

We rescaled the disappearing and novel climate layers from 0 to 1 using the minimum for each 
as the lower threshold and the 99th percentile as the upper threshold to remove outliers. We then 
displayed the three outputs: deforestation risk, disappearing climate risk, and novel climate risk 
as color display channels (red-green-blue). This allowed visual exploration of the spatial patterns 
emerging over the global tropics when the three risk layers were combined. We analyzed the combined 
risk by calculating the distribution of the mean deforestation risk, mean disappearing climate risk, 
and mean novel climate risk for each PA using the original data values, not scaled from 0-1. The highest 
risk PAs were considered the 75th percentile and the 25th percentile were considered the lowest risk 
PAs (Table 2). We then identified PAs with the following combinations of risk: highest deforestation 
risk and highest climate risk (either highest disappearing or highest novel); highest deforestation risk 
and lowest climate risk; lowest deforestation risk and highest climate risk; and lowest deforestation 
risk and lowest climate risk. 

Table 2. Thresholds for humid tropical biome protected areas (Pas) with highest and lowest climate 

and deforestation risks. 


Risk Category 

Threshold 

Area (Mha) 

Percent of Total Area of PAs 

Highest Deforestation Risk 

>0.41 

29.0 

6% 

Lowest Deforestation Risk 

<0.07 

312.5 

61% 

Highest Disappearing Climate Risk 

>2.00 

62.3 

12% 

Lowest Disappearing Climate Risk 

<1.10 

133.7 

26% 

Highest Novel Climate Risk 

>2.41 

165.3 

32% 

Lowest Novel Climate Risk 

<1.18 

74.9 

15% 
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3. Results & Discussion 

3.1. Global Patterns 

Our results indicated distinct patterns of relative risk for climate change and deforestation when 
comparing the spatial variation of the combined threats of deforestation and climate risk for global 
tropical forests (Figure 1). Areas exposed to the highest deforestation risk included the Atlantic Forests 
in Brazil; the Yucatan peninsula in Mexico; northern Thailand, Laos, and Vietnam; Sumatra and coastal 
Borneo; East Africa; and western Madagascar. The Brazilian Amazon had a very low deforestation risk 
most likely driven by the reduction in deforestation in the Amazon in the latter half of the deforestation 
time-period (2007-2014) [67,68]. Deforestation impacts PAs through reducing habitat for species of 
concern, degrading ecosystem services, and decreasing the ecosystem resilience to climate change. 
The highest risk deforestation areas that are also high-movement areas for species dispersal under 
climate change should be prioritized for protection. Once such area indicated in our results was the 
Atlantic Forest of Brazil due to the area's past and projected future role for high levels of species 
movements under climate change conditions [47]. 



Figure 1. Global tropical forest risk combinations. This map shows the combined deforestation 
and climate risks for all tropical forests with >10% forest cover in 2014. The data are displayed as 
deforestation risk (red channel), disappearing climate risk (green channel), and novel climate risk 
(blue channel), for (a) sub-Saharan Africa, (b) Madagascar, (c) Southeast Asia, (d) Asia-Pacific and 
Australia, (e) North America, and (f) South America. Combinations of the gradient of values for all 
three risks revealed spatially distinct patterns. Yellow indicates a combination of high deforestation, 
high disappearing, and low novel climate risks; purple indicates a combination of high deforestation, 
high novel climate, and low disappearing climate risks; and cyan is a combination of low deforestation 
and high combined climate risks. Areas at high risk for both deforestation and climate change are 
shown in white and areas with both low deforestation and climate change risks appear dark grey. 
The global locator map depicts the humid tropical forest biome in dark gray. 
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The climate exposure risks results revealed the highest risk areas for disappearing climates were in 
higher altitude areas (e.g., Andes, eastern Sumatra, Papua New Guinea, central Mexico, and the eastern 
forests in Madagascar). Novel climate risks were highest in lower elevation tropical areas (e.g., Amazon 
basin; the Tabasco region in Mexico; southern Myanmar; the lowlands of Sumatra and New Guinea; 
Liberia; Gabon; and the south-east coast of Madagascar). These findings were similar to other studies 
that used climate dissimilarity measures [16,40]. Species in PAs exposed to the disappearing climate 
risk in these higher elevation areas may be able to move up or down slope to find new habitat if habitat 
remains intact. This will be challenging in areas with high deforestation risk (e.g., mountain forests in 
Eastern Madagascar, Colombia Andes, and the highlands of Zambia and Angola; Figure 1). Another 
challenge is species response to novel climate risk in vast lowland basins like the Amazon, where 
despite conservation efforts to protect habitat and corridors, species migration may be outpaced by the 
velocity of change [16]. Areas exposed to the highest risks of disappearing climate, novel climate, and 
deforestation (e.g., southeast Amazon; southwest Cambodia; and Liberia and Coastal Cameroon) will 
require intensified landscape interventions and planning for transboundary landscape connectivity. 
Intensive measures beyond landscape management (e.g., assisted migration, rewilding, and ex-situ 
conservation) [5] may be required in areas of highest climate risk and deforestation risk. 

3.2. Protected Areas 

The spatial distribution of humid tropical forest biome PAs in our analysis varied by continent, 
although almost half of the PAs in the study were in Asia, when considering area of PAs, almost 
three-quarters of the total area was located in South America (Table 3). Globally, 29 Mha (6%) of PAs 
were exposed to a deforestation risk greater than 40% (the highest-risk threshold) (Figure 2). The low 
proportion of PAs exposed to highest deforestation threat was expected because PAs historically have 
lower deforestation rates than unprotected areas and PAs often are more remote and exposed to less 
threats [9,69], Further exploration with a lower threshold revealed that 132 Mha (26%) of PAs was 
exposed to greater than 10% chance of deforestation. These results are more conservative than the 
results of Jones et al. [70] indicating that 32.8% of global PAs are exposed to intense human pressure, 
or "human footprint". The human footprint score is not a measure of deforestation, but instead 
pressure that may compromise ecosystem intactness and function. Our results suggested that in 
most regions, PAs can continue to serve in their intended role as reserves for species threatened by 
deforestation based on observed, historical deforestation rates and not solely proxy measures. 


Table 3. Distribution of PAs across the humid tropical forest biome. 


Continent 

Number of PAs 

Total Area (Mha) 

Percent of PA's 

Percent by Area 

Africa 

1444 

64.6 

19% 

13% 

Asia 

2079 

70.8 

27% 

14% 

Australia 

370 

4.4 

5% 

1% 

North America 

1290 

26.2 

17% 

5% 

South America 

2489 

347.0 

32% 

68% 

Total 

7672 

513.0 

100% 

100% 


The continent with the greatest total area of PA exposed to the highest deforestation risk was 
South America, with a total of 8.8 Mha at risk. North America had the highest percent of area 
under protection with high deforestation risk (27%) (Figure 2). In addition to the high biodiversity 
value inherent in the PAs, these areas also represent high biomass value and ecosystem service 
provision zones, thus investments will have the maximum impact on protecting threatened ecosystems 
and mitigating climate change. Landscape interventions stemming from international policies 
addressing climate mitigation such as REDD+ may be a viable option. REDD+ aims to reduce 
deforestation and degradation by providing countries with a range of incentives and result-based 
payments in exchange for emissions reductions. Many REDD+ investments focus on reducing 
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forest dependency of local communities by providing alternative livelihoods to reduce deforestation 
pressures [71]. Conservation investments that focus on improving livelihoods are important because 
communities vulnerable to climate change rely more on forest products as a safety-net during times 
of low agricultural production [72]. Other landscape interventions include improving management 
effectiveness (i.e., "upgrading") and increasing landscape connectivity (i.e., "upsize and interconnect") 
to enable species movement away from threats [9], Restoring habitat is another intervention intended 
to increase ecosystem resiliency to fire propagation [73]. Another key management tool is near 
real-time monitoring of ecosystem threats utilizing community-based monitoring, remotely-sensed 
data, or in-situ sensors. These systems enable PA managers with time-sensitive alerts on deforestation 
threats of fires and illegal extractives to strategically patrol protected areas and enable rapid response 
to prevent further ecosystem destruction (e.g., [74-77]). 


a) 


Highest Disappearing 


Lowest Novelty 


Highest Deforestation 

300 

250 

200 

150 



Highest Novelty 


Lowest Disappearing 


Lowest Deforestation 


b) 


Highest Disappearing 


Lowest Novelty 



Highest Deforestation 
^ 75 % 

60% 

Highest Novelty 


Lowest Disappearing 


Lowest Deforestation 


■Africa 

■ Australia 
■North America 

■ South America 

■ Global Humid Tropics 


Figure 2. Distribution of PA risks. These two radar graphs show the area of PAs exposed to the highest 
and lowest deforestation, disappearing climate, and novel climate risks. The figure shows (a) the total 
area of PAs in Mha exposed to the highest and lowest risks by continent and (b) the percent area of PAs 
per continent and humid tropics biome exposed to the highest and lowest risks. 


When examining combined climate risks, 226 Mha (44%) were exposed to the highest risk of either 
highest disappearing or highest novel risk; parsed into 62 Mha (12%) at highest risk of high disappearing 
climates and 165 M ha (32%) at highest risk of novel climates. PAs at highest risk for disappearing climate 
indicate areas where species may go extinct [40]. Forty-five percent of North America PA area was 
exposed to the highest disappearing climate risk whereas 42% of South America PA area was exposed 
to highest novel climate risk (Figure 2). Garcia et al. [39] and Williams et al. [40] both concluded that 
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novel climates are more likely in the tropics and subtropics and our study indicated that the Amazon 
basin may be a hotspot for novel climates. This may be because the area is already among the warmest 
in the world, and also has relatively little seasonality and interannual climatic variability. Hence the 
21st-century warming will quickly move the mean temperatures for this region beyond the background 
range of interannual climates found here or anywhere else in the range of 20th-century climates [40,78]. 

Novel climates, while posing similar threats to species as disappearing climates, also cause greater 
uncertainty for how species may reject or adapt to new climates [79]. While these two metrics of climate 
exposure may indicate different biological conservation responses, landscape management responses 
are similar as species in both highest-risk disappearing and novel areas may benefit from a reduction of 
global emissions to mitigate climate change in addition to local forest conservation/climate adaptation 
planning because intact, healthy ecosystems may increase species' resilience to climate change [80]. 
Increasing landscape connectivity (upsize and interconnect) will assist species migrations to suitable 
habitats. In addition to these practices applied to high deforestation risk areas, these PAs could benefit 
from in-situ monitoring of species response to climate change [81]. Asia had a large proportion of PAs 
with the lowest risks of disappearing climate (32%) and lowest novel climates (45%), and thus, may be 
a suitable area for conservation investments increasing connectivity to allow species dispersal to these 
climate refugia [23]. 

The intersection of PAs with the highest deforestation and highest combined climate risks revealed 
11 Mha (2%) of the global tropical PAs with extreme exposure to the dual threats, and half of this area 
was in South America (Figure 3a). The continent with the largest proportion of area affected was North 
America (6%). These PAs should be immediately targeted for conservation investments. Although 
traditional policies and mechanisms to reduce habitat loss may be effective, the additional climate 
change risks to these PAs may require newly designed policy mechanisms and practices adapted to 
unique climate stressors [5]. 

Sixteen Mha of global humid tropical PA was exposed to highest deforestation and lowest 
combined climate risks. Forty percent of this area was in South America, but Africa accounted for 
another 33% of the total area. (Figure 3b). These areas should be targeted for investments in traditional 
landscape interventions to reduce deforestation and should be considered high priority sites for 
lower-risk investments to upscale and interconnect ecosystems to promote species movement to these 
potential climate refugia. 

The area of global humid tropical PAs exposed to the lowest deforestation and highest combined 
climate risks totaled 135 Mha (26%); an overwhelming 35% of this area was located in South America 
(Figure 3c). Australia also reflected a high proportion of area in PAs with the lowest deforestation and 
highest combined climate risk (22%). These PAs should be targeted for further ecosystem assessment 
for climate change sensitivity. With decreased deforestation pressures, these PAs may be prioritized 
for increasing the size or the connectivity of PAs to allow for migration of species sensitive to climate 
change [47]. 

The area of global humid tropical forested PAs exposed to the combination of lowest deforestation 
and lowest combined climate risk totaled 89 Mha (17%) and was mostly located in South America 
(60%); however, it was proportionally highest in Africa (34%) and Asia (17%) (Figure 3d). These areas 
may serve as low risk investments where management may be less costly and the areas may provide 
climate refuge. 
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a) Protected areas exposed to highest 
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Figure 3. PAs exposed to combined risks by continent. This quadrant of figures shows the distribution 
of deforestation and combined climate risks by continent for: (a) highest deforestation and highest 
combined climate risks; (b) highest deforestation and lowest combined climate risks; (c) lowest 
deforestation and highest combined climate risks; and (d) lowest deforestation and lowest combined 
climate risks. Combined climate risks included either novel or disappearing risk. The number in the 
center of the pie charts indicates the total area affected of global humid tropical forest PAs. The number 
next to each continent name in the pie chart indicates the combined deforestation and climate risk as 
a percent of the total area of global humid tropical PAs affected. The bar charts show the proportion of 
area of PAs per continent in each risk category. 


3.3. Caveats 

In this study, we did not indicate which PAs were at risk to biological diversity loss, rather 
we compared the relative exposure of risk using climate metrics that represented "threats and 
opportunities for biodiversity" under climate change [39]. The 25th and 75th percentiles indicated the 
extremes of highest and lowest risks to PAs in the global set of humid tropical forested PAs. We also did 
not assess the risk to biological diversity, as an individual species' risk to climate change is determined 
by its exposure, sensitivity and adaptive capacity based on historical information and some species 
may be able to persist in a broader range of climate conditions than previously known [79]. We did 
highlight areas exposed to the greatest threats of deforestation and climate change that require urgent 
attention and we also indicated areas buffered from these combined threats, which may persist as 
biological refuges into the future. 
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4. Conclusions 

This study focused on the impacts of climate change and forest change on PAs within the humid 
tropical forest biome to inform PA investments. The effects of deforestation on biological diversity 
in the humid tropics and elsewhere are widely documented and these threats can be managed by 
identifying effective conservation and sustainable land management approaches. 

Implementing policies to address climate change is less straightforward given the uncertainties 
associated with efforts to mitigate future climate change and reduce deforestation loss; projections 
of how species and ecosystems will adapt (or fail to adapt) to novel climates, and vulnerability of 
ecosystems to disappearing climates. Therefore, it is essential when addressing climate change impacts 
on biodiversity to address the immediate threat of habitat loss and improve and preserve ecosystem 
resilience. For PAs at risk to both threats, a suite of investments should be implemented in the landscape 
from improved management, upsizing and interconnecting PAs, habitat restoration, socio-economic 
investments, capacity building, and adopting new technologies for improved monitoring. 

The advantage of a biome-wide study is to both shift the focus of protected area management 
from within a country's boundary to the transboundary threats, and to guide international policies 
and investments to consider the dual threats of both of climate change and land cover change. 
The scale of this study can inform global investors where and how to maximize investments for 
biodiversity conservation, climate mitigation, and preserving climate resilient ecosystems. Finer-scale 
analyses based on regional and national-scale projections of deforestation are recommended to inform 
investments for individual PAs. Considering the combined risks of PAs to both climate change and 
habitat loss can be vital to for national-level spatial priority setting. 
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Abstract: Context: The fundamental driving force of land use and land cover (LULC) change is 
related to spatial and temporal processes caused by human activities such as agricultural expansion 
and demographic change. Landscape metrics were used to analyze post-war changes in a rural 
mountain landscape, the protected area of Halgurd-Sakran National Park (HSNP) in north-east 
Iraq. Therefore, the present work attempts to identify the temporal trends of the most fragmented 
land cover types between two parts of the national park. Objectives: The objectives of this study 
are to compare two land cover classification algorithms, maximum likelihood classification (MLC) 
and random forest (RF) in the upper and lower parts of HSCZ, and to examine whether landscape 
configuration in the park has changed over time by comparing the fragmentation, connectivity and 
diversity of LULC classes. Methods: Two Landsat images were used to analyze LULC fragmentation 
and loss of habitat connectivity (before and after the Fall of Baghdad in 2003). Seven landscape pattern 
metrics, percentage of land (PLAND), number of patch (NP), largest patch index (LPI), mean patch 
size (MPS), euclidian nearest neighborhood distance (ENN_AM), interspersion and juxtaposition 
(IJI) and cohesion at class level were selected to assess landscape composition and configuration. 
Results: A significant change in LULC classes was noticed in the lower part of the park, especially 
for pasture, cultivated and forest-lands. The fragmentation trends and their changes were observed 
in both parts of the park, however, more were observed in the lower part. The inherent causes 
of these changes are the socio-economic factors created by the 1991-2003 UN post-war economic 
sanctions. The changes increased during sanctions and decreased afterwards. The fall of Baghdad in 
2003, followed by rapid economic boom, marked the greatest cause in land use change, especially in 
changes-susceptible cultivated areas. Conclusions: Shrinkage of forest patches in the lower part of 
the park increases the distance between them, which contributes to a decline in biological diversity 
from decreasing habitat area. Lastly, the results confirm the applicability of the combined method of 
remote sensing and landscape metrics. 

Keywords: Halgurd-Sakran National Park; remote sensing; GIS; landscape metrics; fragmentation 


1. Introduction 

Land is an essential and limited natural resource [1]. Utilizations of landscapes by people often 
result in a modification of land cover through changing human land use [2-4], The ecological area or 
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natural environment in which a particular animal or plant species usually lives is described as their 
habitat [5]. Land use change implies the qualification and quantification change of land cover type "as 
habitat for organisms and productive land for humans" [6], Moreover, a decrease in the size of habitat 
fragments is a significant indicator of habitat fragmentation [7], 

Land use/land cover changes are influenced by a variety of factors and they can be categorized 
into direct (proximate) and indirect (underlying, root) causes. How humans modify land cover 
represents the direct change, while the interaction of social, economic, political, demographic 
and culture recognized as indirect or root causes. Moreover, indirect driving forces can be 
defined as socio-economic drivers, which comprise of socio-political, socio-economic and cultural 
factors. Socio-economic-political factors drive people to degrade the natural environment [8-10]. 
The agricultural regions are good indicators for changing in land use and land cover by the conflict 
and geopolitical forces. Moreover, the year 2003 is the turning point from the poverty to richness and 
from the dictatorship to the democracy and it also represents the period of the end of sanctions in this 
study [11]. 

Landscape fragmentation is a dynamic process and has a large impact on biodiversity as a result 
of changes of habitats in a landscape through time [12,13]. Landscape fragmentation has several 
causes such as anthropogenic activities, urban development, natural causes, agricultures, illegal 
logging, and forest cutting. All these factors alter the landscape structure with its components [14-16]. 
Biological diversity in a landscape generally declines as fragmentation progresses, when the species 
extinction rate increases as a result of reducing habitat area and habitat connectivity, thus the species 
immigration rate will decrease [17]. 

Landscape connectivity has two components: structural and functional. Structural connectivity is 
associated with the physical characteristics of the landscape, whereas functional connectivity is related 
to the movement of the organisms in space and time within a landscape. Studying temporal function 
connectivity infers the persistence of organisms in time, in the same place, while spatial function 
connectivity relates to the spatial pattern [18,19]. Habitat corridors are important for species movement 
and protection. Their management and planning are significant for protecting green belts that can have 
a major recreation function, especially green corridors along roads [20]. Reductions in habitat areas 
and connectivity disturb the biodiversity (flora and fauna) [17], The purpose of the habitat corridor 
connectivity to allow organisms in a protected area of land is to migrate from one land area to another. 
This type of conservation is considered when there is a loss of connectivity in habitat land cover types 
in a landscape usually follow an uneven distribution and are spatially heterogeneous. 

The compositional heterogeneity of spatial units in the landscape refers to their number, type, 
and abundance, whereas the mosaic of spatial arrangements of those units is defined as configurational 
heterogeneity [20,21]. 

To gather information on the landscape fragmentation in an area of interest, remotely sensed (RS) 
images are a versatile tool [22], Through analyzing landscape patterns, the interaction between 
anthropogenic factors and the environment can be better understood. All kinds of social and 
environmental factors change the Earth's surface in different spatial and temporal scales by influencing 
main ecological functions [23]. Thus, there is a relationship between LULC and the fragmentation of 
landscapes [24], 

Classification is widely used to derive thematic information from (RS) [25]. Remote sensing has 
been widely used for mapping land cover at a variety of spatio-temporal scales [26]. The categorization 
of pixels in an image into land cover classes is the general objective of a classification of multispectral 
data based on the similarity of the spectral signature of a pixel to a set of training signatures (supervised) 
or based on the data themselves in an unsupervised classification [27]. Traditional image classification 
techniques include pixel-based (e.g., supervised Maximum Likelihood Classification (MLC) and 
unsupervised e.g., K-means or ISODATA), sub-pixel-based (e.g.. Fuzzy, neural networks regression 
modeling, etc.), and object-based techniques (e.g., segmentation) [28]. Unsupervised classification does 
not require training data, unlike supervised classification [27]. In object-based classification, an object 
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starts with the combination of neighboring pixels into similar areas or depends on groups of pixels that 
represent the shapes and sizes, while in pixel-based classification method each pixel has a class that 
bases exclusively on the digital number of the pixel itself [29-31]. In contrast to traditional classification 
methods newer non-parametric algorithms such as random forest (RF) have been developed, which is 
least sensitive to the parameters and applies multiple decision trees to a set of training data [32]. 
The RF algorithm [33] is an ensemble classifier that consists of many decision trees that does not 
overfit. RF can be used for land cover mapping [34] and it often gives better land cover classification 
accuracies [35,36]. Moreover, RF with its multiple advantages such as handling large numbers of input 
variables and calculating an error matrix, giving estimates of the importance of the features in the 
classification fast and robust [32]. 

Significant human interference with the Earth's surface affects the observed transformations in 
LULC [37], In the last few decades, in many areas around the world, the rural land use have changed 
rapidly [38]. Industrialisation, urbanization, population growth, and economic reforms are major 
driving forces contributing to land-use change [39]. A rapid socio-economic change can induce LULC 
change such as farmland abandonment [40]. The complex interrelationship between socio-economic 
factors and LULC can be further compounded when global climate change is added as a factor [41]. 

Wars and political conflicts could have reversible or irreversible socio-economic damaging effects 
on agriculture, land use and land cover. The deliberate desiccation of marshlands in southern Iraq 
during the 1980-1988 Iraq-Iran war resulted in disastrous and changes to the land cover and use, 
ecosystem services and anthropogenic activities [42]. The United Nations Security Council enforced a 
comprehensive set of sanctions on Iraq following the latter's military invasion of Kuwait in August 
1990. Consequently, the period 1990-2003 in Iraq generally and in Kurdistan region demonstrated a 
period of economic war in the form of comprehensive sanctions [11], which had, in addition to the war 
direct consequences, devastating long-lasting results on population and economy. 

The ability to acquire repeated satellite images is useful for monitoring and assessment of natural 
resources change occurring over time in a specific place. Thus, the use of RS and GIS is a task 
to address land use and landscape challenges in a wide range of resource management problems. 
Remote sensing data offers a valuable multi-temporal data on processes and phenomena that act over 
larger areas. For example, it poses a major data source specifically, for assessing protected areas [43], 
monitoring biodiversity [44], promoting sustainable urbanization in Greater Dhaka, Bangladesh [45], 
land use and land cover change detection in the western Nile data of Egypt [46] and Kodaikanal taluk, 
Tamil nadu [47], impact of land use change on risk erosion and sedimentation in a mixed land use 
watershed in the Ozark Flighlands of the USA [48], applying of RS/GIS to forest fire risk mapping 
in the Mediterranean coast of Spain [49], using satellite images of studying forest resources in three 
decades of research development by [50], and monitoring forest cover change and forest degradation 
using remote sensing and landscape metrics of Nyungwe-Kibira park in Rwanda and Burundi [51]. 

Flalgurd-Sakran National Park (HSNP) belongs to Choman district and consists of three zones; 
core zone, outer zone and additional outer zone. Our study focused on the core zone (CZ) (Figure 1) [36]. 
Due to its remote location, mountainous terrain, scant and limited transportation to the districts and 
sub-districts, there was negligible economic development in HSCZ before the Fall of Baghdad in 
April 2003. However, because of the attractive natural landscapes and the accelerated general economic 
growth in Kurdistan after 2003, the HSNP has been selected on the top list of tourism destinations for 
travelers in Kurdistan region-Erbil governorate since 2008 [36]. 

The aim of this research is to identify the temporal trends of the most fragmented land cover 
types between the upper and lower parts of the national park. The comparison of two land cover 
classification algorithms, MLC and RF in the upper and lower parts of HSCZ was the first specific 
objective in this study. Whereas, the second specific objective was to examine whether landscape 
configuration in the park has changed over time, by comparing the fragmentation, connectivity and 
diversity of LULC classes. 
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2. Materials and Methods 

2.1. Study Area 

HSNP is located in the northeast of Erbil-Iraq and shares a boundary with Iran along the Zagros 
Mountain Range (Figure 1). The climate of the Kurdistan region is very hot and dry in summer and cold 
and wet in winter. The Kurdish Regional Government (KRG) officially designated this area of interest 
a protected area since 2008. Significant socio-economic improvements such as urbanization took place 
after the Fall of Baghdad in 2003 in the area of interest [52,53]. Table 1 presents the population for 
villages around Choman district, which has grown smoothly over the last six years [54], 


Table 1. Rural population for villages around Choman district [38]. 


Rural Rate 

2010 

2011 

2012 

2013 

2014 

2015 

Choman Villages 

12,008 

12,348 

12,689 

13,037 

13,389 

13,746 



Figure 1. Location map of the study area (HSCZ) in the Kurdistan Region of Iraq. 

2.2. Remote Sensing Data 

Two satellite images from Landsat 7 Enhanced Thematic Mapper plus (ETM+) for 1998 and 
Landsat 8 Landsat Data Continuity Mission (LDCM) for 2015 were used in this study (Table 2). 
Six multispectral bands, excluding the thermal band, were used for Landsat 7 and eight multispectral 
bands for Landsat 8. The two images were projected into Universal Transverse Mercator (UTM) 
zone 38 N, and then assembled in a Geographical Information System (GIS). Landsat images were 
processed and subset to include the entire area of HSCZ. The downloaded images for the study area 
were at processing level LIT, which means it is geometrically corrected and has a sufficient level. 
Then, the calibrated radiance values were atmospherically corrected using FLAASH in ENVI 5.3. 
Landsat images have been used and subset it in ENVI then exported to ArcMap 10.3. Images from 
1998 and 2015 were categorized into four land cover classes; namely, bare surface, pasture, cultivated 
area, and forest. 160 training sites, 40 points for each land cover class (bare surface, pasture, cultivated 
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land, and forest), were chosen for the upper and lower parts to be representative. The selected training 
sites were principally based on high-resolution imagery from Google Earth, ESRI ArcMap base map, 
and expert knowledge from the Agricultural Department of the District of Choman. Ancillary data 
such as slope, aspect, elevation, and NDVI were used in image classification to increase the accuracy 
and discrimination in land use/land cover mapping [55]. 


Table 2. Satellite (sub-scene) images used in this study to quantify landscape patterns and land 
cover change. 


Satellite Sensor 

Path/Row 

Acquisition Date 

Resolution 

Band Nos. 

Landsat 7 ETM+ 

169/035 

13 September 1998 

30 m 

1, 2, 3,4, 5, 7 

Landsat 8 LDCM 

169/035 

24 August 2015 

30 m 

1, 2, 3, 4, 5, 7, 8, 9 


Maximum Likelihood Classification is one of the most commonly used algorithms [56], which has 
been broadly used for the LULC classification worldwide [57]. Pixel-based MLC algorithm relies 
on a statistical model [56]. The MLC algorithm is categorizing objects into classes with the highest 
probability that a pixel belongs to a particular class [29-31]. Furthermore, it assumes that the image 
data for each class is normally distributed according to their spatial and spectral characteristics [56]. 
During the classification procedure in ArcMap 10.3 the vector data integrates with the satellite image 
for applying pixel-based method. 

On the other hand, the RF classification ensemble method is building a set of classifiers and 
develops lots of decision trees based on random selection of data and random selection of variables [58], 
then after taking a vote of their accurate and stable predictions [56]. Random forest splits each node 
using the best among a subset of predictors randomly chosen at that node. Thus, this procedure 
produces a wide variety, which usually lead to a better model [58]. Furthermore, the number of 
variables (M) and the number of trees (T) are two parameters in the forest. Increasing the number 
of variables lead to increasing the correction between the trees and the classification accuracy of an 
individual tree in the forest [59]. "As m increases correlation and individual tree accuracy also increase 
and some optimal m will give the lowest error rate". In addition, the variable importance and internal 
structure are also other two additional measures in the random forest. The importance of the predictor 
features measure by variable importance, which is done by out of bagging (OOB) [60]. In order to 
estimate the importance of a certain feature, the out of bagging samples are evaluated by computing 
the accuracy throughout the trees and by counting the votes of each variable in the classification [59,61]. 

Moreover, building random forests model starts with using roughly two-thirds of the training 
samples and the rest (one-third) of training data (the out-of-bag samples) is used to estimate the error 
of the predictions. Horning (2010) showed the overcoming of the over-fitting problem for the training 
data by using "pruning" in decision trees. This process offers the lowest error by removing terminal 
nodes. In the decision trees the growing of tree is too large with the terminal nodes. Reducing these 
nodes will simplify the tree. We have implemented RF using a software package in R language and 
analyzed Landsat images. 

The classification was carried out by making a comparison between MLC and RF. Each class 
has been prepared for spatial analysis metrics in FRAGSTATS, and then independently validated for 
their overall accuracy and kappa index (k). Each class was prepared for spatial metrics analysis in 
FRAGSTATS 4.2. 

2.3. Analyzing Changes for Fragmentation, Connectivity and Diversity 

Landscape metrics following McGarigal and Marks (1995) [7], and McGarigal and Cushman 
(2002) [62] were grouped in four types: fragmentation, isolation, heterogeneity, and connectivity. 
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FRAGSTATS 4.2 was used to extract the landscape metrics from each land use map of 1998 and 
2015. Seven landscape metrics at class level were calculated for analyzing fragmentation, connectivity, 
and diversity (heterogeneity), (Table 3) [62]. 

Table 3. Metrics selected at class level for the quantification of landscape patterns in HSCZ. 


Metrics * 

Percentage of land (PLAND) 
Number of patches (NP) 
Largest patch index (LPI) 
Mean patch size (MPS) 
Euclidian Nearest Neighborhood 


Units Description 

% Amount of the landscape occupied by certain LULC class [7] 
n Number of patches per class [7] 

% Percentage of landscape accounted for by largest patch [20] 

ha Mean area of patches of the same LULC class [62] 

m The measure of patch context to quantify patch isolation [62] 

Distance (ENN_AM) 


Interspersion and juxtaposition (IJI) % Degree of intermixing of class patch types [7] 

COHESION (Cohesion) % The physical connectedness of the corresponding class patch [62] 

* Definitions and equations for calculation of the metrics are provided by McGarigal and Marks (1995), 
and McGarigal and Cushman (2002). 


Metrics that were used for fragmentation were PLAND, NP, LPI, and MPS, while the ENN_AM 
was used to interpret the isolation of land cover patches. Concerning heterogeneity, the interspersion 
and juxtaposition was used, and cohesion was applied for connectivity. For this research, mean patch 
size and number of patches were used to summarize the fragmentation process of LULC categories at 
class level. 

3. Results 

3.2. Accuracy Assessment and the Performance Comparison of Two Algorithms 

The comparisons of accuracy assessments between two classification algorithms are shown in 
Table 4. The accuracy assessment of ML classified images shows an overall accuracy for the 1998 image 
in the upper part of 66.2% with k = 0.55; and overall accuracy for 2015 of 81% with k = 0.74. The results 
for the RF classification in the upper part gave an overall accuracy for the 1998 image of 98% and 
k = 0.97 and for 2015 of 98% and k = 0.97. 


Table 4. Comparison between the accuracies of the two classification algorithms assessed by 
independent validation data in the upper and lower parts for 1998 and 2015 in HSCZ. 


Land-Cover Class 

MLC 


RF 


1998-Upper Part 

2015-Upper Part 

1998-Upper Part 

2015-Upper Part 

Overall accuracy (%) 

66.20 

81 

98 

98 

K 

0.55 

0.74 

0.97 

0.97 


1998-Lower Part 

2015-Lower Part 

1998-Lower Part 

2015-Lower Part 

Overall accuracy (%) 

57 

84 

99 

99 

K 

0.67 

0.79 

0.98 

0.99 


Concerning the lower part of HSCZ the MLC accuracy assessment for image 1998, as presented 
in Table 5, has 57% overall accuracy and k = 0.67. The RF classification for 1998 showed 99% overall 
accuracy and k = 0.98 and for 2015 the overall accuracy was 99% with k = 0.99. The classification 
results for the HSCZ revealed that the RF algorithm was more successful and gives higher classification 
accuracies than MLC. 
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3.2. Land Use/Land Cover Changes Based on Random Forest Classification 

3.2.1. Land Cover Class Distribution in the Upper and Lower Parts of Core Zone 

Figure 2 represents the study area that was categorized into four different classes (bare surface, 
pasture, cultivated land, and forest) using random forest classification [36]. In general, the lower part 
between the two time periods showed greater changes between LULC classes. Figure 3 displays the 
changes that occurred among land use land cover classes from 1998 to 2015 using the Land Change 
Modeller in TerrSet. 
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Figure 2. The classified land use and land cover (LULC) maps for upper and lower parts of HSCZ for 
years 1998 and 2015 from Random Forest classifier with Landsat data, which compare the changes in 
two parts over time. 
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Figure 3. LULC change by category in two time spans (1998-2015) in the upper and lower parts 
of HSCZ. 


3.2.2. Land Use/Land Cover Dynamics 

From 1998 to 2015, increase in pasture area was relatively significant as compared to the other 
LULC classes within the 17-year period of study in the lower part of the park, and this resulted in the 
increase of its percentage of land (PLAND) (Table 5). 


Table 5. Metrics comparison and changes in PLAND at land cover class level for 1998 and 2015 in the 
upper part (up) and lower part (lp) of HSCZ. 


LULC Class 

Up-1998 

Up-2015 

Lp-1998 

Lp-2015 

Bare surface 

51.84 

51.49 

44.89 

43.80 

Pasture 

22.43 

23.47 

12.21 

30.76 

Cultivated area 

10.19 

8.80 

15.95 

9.80 

Forest 

15.52 

16.14 

26.93 

15.76 


In the upper part of the park, the barren land demonstrates a lesser decrease in IJI in 2015, 
which reflects the tendency towards uneven distribution. However, the patch numbers increased 
significantly for cultivated area with a slight increase for the bare surface, while pasture and forest 
lands decreased slightly over time Figure 4. The tendency towards uneven distribution (IJI) of barren 
land can be observed in Figure 5. 
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Figure 4. Gains and losses of patch number (NP), mean patch size (MPS) and largest patch index (LPI) 
of LULC by category in different time periods (1998-2015) in the upper part of the HSCZ. 


Likewise, Figures 4 and 5 indicate trend towards more fragmentation, a small tendency to 
greater isolation and the heterogeneity and more physical connection of the pasture class in 2015. 
Thus, this analysis shows a slight trend towards increasing fragmentation of pasture land. Whereas, 
the cultivated area was more isolated, more evenly distributed and more physically connected in 2015 
compared to 1998. This change can be related to the reduction of farming in the study area as a result 
of socio-economic growth. Therefore, the patches were not affected by fragmentation in the upper part 
of the park. Concerning the forest land, a slight decrease of the ENN_AM, very small changes in LPI 
and MPS were observed. Thus, the degree of isolation and spatial distribution of forest patches were 
reduced with less uniform distribution of forest patches from 1998 to 2015. Regardless of the slight 
increase of NP, LPI and MPS, with a slight decrease of the ENN_AM and cohesion, a fragmentation 
process of forest land was ongoing in the time period in the upper part of HSCZ. 



t_ _1 ENNAM 


Figure 5. Gains and losses of ENN_AM, IJI and Cohesion of LULC by category in different time periods 
(1998-2015) in the upper part of the HSCZ. 
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In the lower part of the park, there was a tendency for barren land to fragment more over this 
time period with the trend to isolation over time. Figure 6 represents that patch types that were 
uniformly adjacent to each other and were more clumped in distribution, while the reduction of IJI in 
2015 indicates a more uneven distribution of bare cover patch sizes. 



j NP 


■ MPS 


• LPI 


Figure 6. Gains and losses of NP, MPS and LPI of LULC by category in different time periods 
(1998-2015) in the lower part of the HSCZ. 


In general, in the lower part of the park the fragmentation was continuing for barren land by 
the increase of NP which was also confirmed by a decrease of MPS. Thus, the upper and lower parts 
are behaving differently concerning the barren land; this could be that the upper part contains fewer 
villages, higher mountain ranges, and inaccessibility to natural resources than the lower part of the 
park. A huge reduction was observed for pasture patch number (NP) with a slight increase of LPI and 
MPS over time (Figure 6). These changes indicate a trend of pasture land becoming more clumped 
and gradually reduced the distance of pasture patches to the nearest neighbor of the same class. 
Additionally, the pasture patches were more adjacent to each other in 1998 but were less clumped in 
distribution in 2015. Over time, a large increase in the cohesion indicating that the pasture land was 
less cohesive and less physically connected in 1998 in the lower part compared to the same class in 2015 
(Figure 6). The decreasing and increasing of patch number (NP) and mean patch size (MPS) expresses 
the stability and physical connectivity of the pasture class in the lower part of the park over time. 

On the other hand, the reduction in cultivated area is accompanied by a significant reduction 
of NP with an increase for both LPI and MPS (Figure 6). The mean distance ENN_ MN for patches 
of cultivated land increased similar to the upper part of the park. Patches became more isolated, the 
distances between patches increased and the numbers of cultivated land patches decreased. A slight 
increase for IJI value shows a trend towards more a uniform distribution of cultivated land patches. 
The patches were more connected in 2015 (cohesion) (Figure 7). This reduction of cultivated land 
in the lower part of the park reflects the socio-economic growth in the region especially after the 
Fall of Baghdad, April 2003. Concerning, the forest land the NP, LPI, and MPS of patches declined 
slightly (Figure 6). The increase in the mean distance (ENN_AM) between forest patches reflects the 
increasing isolation between forest patches. The decrease of IJI indicates changes towards a more 
uneven distribution among forest patches. Physical connection and aggregation for forest patches 
were reduced and cohesion slightly decreased, (Figure 7). Overall the lower part of the park was not 
affected by forest fragmentation, despite a noticeable overall forest loss. 
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I_ |ENN_AM —«*-IJ — Cohesion 

Figure 7. Gains and losses of ENN_AM, IJI and Cohesion of LULC by category in different time periods 

(199-2015) in the lower part of the HSCZ. 

4. Discussion 

4.1. Landscape Fragmentation at Class Level 

The classification technique used to derive the LULC maps for 1998 and 2015 was random 
forest classification. One advantage of RF is that it is one of the most accurate learning algorithms 
available [32,33]. The overall LULC classification accuracy level in the upper and lower parts for 
two dates were very high for investigating the study area. On the other hand, the proportion of 
each LULC classes holds a significant information concerning the composition and configuration 
of landscape mosaic in the upper and lower parts of the park. Four main criteria: fragmentation, 
isolation, heterogeneity, and connectivity have been selected for measuring the landscape spatial 
pattern in HSCZ. Then, seven of the most appropriate landscape indices for representing each criterion 
were selected. 

4.1.1. Bare Surface 

This shrank of the bare surface size in both parts is accompanying with increasing the IJI. 
Noticeably, the distribution of adjacencies among bare surface patches trend to become more 
increasingly uneven in the lower part than the upper part of the park, as the IJI value higher in 
the upper part than IJI value in the lower part in 2015. This means that the disaggregation or the 
heterogeneity of the bare surface patches are higher in the lower part than the upper part across the 
landscape of the park. This variance is related to the NP in both parts. The NP decreased in the upper 
part in 2015, while the number of bare surface patches in the lower part of the park increased at the 
same time period. This suggesting that the fragmentation of the bare surface patches in the lower 
part are higher or a tendency of patches are directed to be fragmented more in the lower part, as a 
consequence could be of fire, excessive grazing or even of climate conditions. Thus, the fragmentation 
strengthened in this part of the park. Furthermore, higher ENN_AM values in the lower part indicate 
more isolated landscape patterns. Thus, the isolation between patches was more isolated in the lower 
part than the upper part. The scores of the cohesion are the same in both parts indicating the physically 
connected landscape spatial patterns in both parts are constant in 2015. 
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4.1.2. Pasture 

The PLAND of the pasture in the lower part significantly increase with a slight decrease in 
the upper part in 2015. This can be related to economic boom which most of population changed 
their professional work and left the agricultural lands, as lower part contains more villages and 
population. The connectivity in the lower part improved better for pasture patches than the upper part, 
this witnessed by the cohesion values. This increase of cohesion value drives the landscape to more 
ecosystem sustainability. Moreover, the rate of decline is fairly sharp concerning the NP in the lower 
part, which made the patches of pasture distributed more regularly or clumped in this part of the park 
in 2015. Whereas, the IJI value in the upper part indicates more irregularly distributed as displayed a 
slight decrease values between 1998 and 2015. Thus, the pasture patches trend to the fragmentation 
in the upper part of the park in 2015 and at the same time they trend to accumulation in the lower 
part. The ENN_MN among patches decreased while the Cohesion increased in both parts of the park 
in 2015, suggesting that the connectivity of pasture patches had increased and pasture patches are 
less isolated. Many researchers observed how the increase of pasture lands provide more forage to 
animals, reduce erosion, filter runoff, absorb rainfall and improve production [63,64], 

4.1.3. Cultivated Area 

The period between 1998 and 2015 represents the economic boom period in the study area 
especially, after the Fall of Baghdad. The modification of the landscape metrics were unique of 
cultivated area in both parts in 2015 by declining their areas in sizes PLAND and number of patches 
and similarly, by increasing their LPI, MPS, ENN_AM, IJI and Cohesion. Furthermore, the observed 
decrease in NP of cultivated patches in the upper and lower parts of the park indicates a reduction 
in human activities on the landscape such as agricultural activities as a result of decrease in poverty 
between 1998 and 2015. This positive modification led to more sustainable, stable, aggregated and 
better connected patches across the landscape in 2015. One thing, which was concerned in this area is 
increasing the isolation ENN_AM among the cultivated patches in both parts. This could be stated 
to the result of similar isolated patches joined to one another. Similar patches of cultivated lands 
aggregated as a result of increasing MPS and LPI with better connection. 

4.1.4. Forest Class 

The decrease in forest patch size in the lower part is accompanying with decreasing the NP, LPI, 
MPS, IJI and cohesion, but not the ENN_AM. This suggesting that the forest patches in the lower part 
in 2015 were less fragmented, fewer connected, the distribution of adjacencies among patches becomes 
uneven and patches were more isolated in 2015. Whereas, the forest patches in the upper part in 2015 
indicate to larger patch size, greater fragmentation, lesser isolated, uneven distribution among patches 
and less connected across the landscape. The class level metrics analysis indicated that the decrease in 
the number of patches in the lower part of the park in 2015 was not related to the reduction of the LPI 
and MPS, but to similar isolated patches joined to one another. 

This suggested that the modification and fluctuation of forest patches in the lower part of the park 
is higher than the upper part, this could be attributed to an increase of human activities, population 
density and illegal logging. Fragmentation of forest patches is of greater concern because it creates 
a natural imbalance in shape, size and distribution [65] and although it influences the dynamics of 
species and material in the landscape [20]. Moreover, the negative changes in forest cover provide 
some evidence of disturbance of ecological sustainability of the natural resources. Ecologists have 
found that small remnant areas cannot succeed in preserving species diversity [66]. 

A brief summary, changes in LULC classes were related to modification of spatial patterns, 
as confirmed by class level metrics. As a whole, class level metrics revealed absence of fragmentation 
for all classes excluding bare surface between 1998 and 2015 in the lower part of the park. This indicates 
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a reduction in human activities such as agricultural activities and could be the result of previously 
isolated patches becoming connected. 

Concerning the upper part, however, class level metrics indicated the presence of smaller and 
more isolated patches resulting from ongoing fragmentation. Many studies indicate that the increase 
in the number of patches are related to the reduction of the LPI [14,67,68]. Thus, the class level metrics 
analysis indicated that the increase in the number of patches was related to the reduction of the largest 
patch index (LPI) only for pasture and forest patches but, not for bare surface and cultivated area. 

4.2. Drivers and Consequences of Changes on the Landscape 

Generally speaking, more changes in landscape patterns and composition were observed and 
the landscape became more fragmented in the lower part of the park as a result of rapid increase 
in socio-economic growth between 1998 and 2015. Thus, the Fall of Baghdad shaped and changed 
the land in the HSCZ. Moreover, the increase in landscape fragmentation is tightly related to the 
increase in the human population therefore, rural population density would be one of the major factors 
related to the landscape change and fragmentation in the lower part of the park. Moreover, indirect 
or underlying causes were identified as social, economic, political and demographic factors, which 
promoted the economic growth. On the other hand, direct changes were recognized as agriculture and 
forestry changes. 

Before 2003 the agricultural intensification caused landscape degradation, while after 2003 the 
new political conditions and economic development have led to substantial improvement in the natural 
environment at least in the upper part of the park. To conclude, HSCZ reflects major geopolitical 
events after the Fall of Baghdad. 

The results indicate that the cultivated area increased during the United Nation sanctions (1998), 
when all food imports were banned and then decreased with the lifting of the sanctions in 2003 when 
food imports were resumed. Furthermore, LULC classes are associated with isolated patches in the 
lower part of the park. All classes were declined except pastureland from 1998 to 2015. Moreover, 
MPS variables were also declined for bare surface and forest-patches but increased for pasture and 
cultivated-patches. Concerning the upper part. Euclidian Nearest Neighborhood Distance variables 
indicated that they're less isolated patches for pasture and forest in 2015, while there is an increase in 
distance for bare surface and cultivated-lands. However, MPS variables for all LULC classes in the 
upper part were increased except pastureland in 2015. On the other hand. The villages are influenced 
seriously by the agricultural economy and economic development for the period of last seventeen 
years in HSCZ [69,70]. The registered population (Table 1) of the villages were 12,008 people in 2010 
and 13,746 in 2015 according to census data from Kurdistan Regional Statistics Office KRSO [54]. 

4.3. Random Forest Classification 

One of the objectives of this study was to compare the performance of MLC and RF to map 
land cover. The comparison of MLC and RF classifications of Landsat imagery indicate that the RF 
statistically produced better classification results than MLC. The random forest algorithm could map 
LULC better compared to MLC algorithm. Adding a number of layers in the RF algorithm tends to 
increase the accuracy of the classification, such that the RF classifier provided relatively high accuracies 
of up to 98% for the upper part in 1998 and 2015, and up to 99% in the lower part for two time periods. 
The RF was a reliable classifier algorithm for the current study and confirmed by obtaining the high 
overall accuracy of the classification maps. 

Furthermore, because the identification of the best measures of fragmentation and habitat 
loss is impossible [55], we conclude that the process of selecting the most appropriate landscape 
metrics is critical and several criteria challenges the selecting of landscape metrics such as; (1) the 
selectivity of metrics must meet the specific objective and question of the main subject of the research; 
(2) the indicators should be relatively independent or orthogonal of one another; (3) they must 
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be spatio-temporarily sensitive to landscape change; and (4) metrics performance must be known. 
These aforementioned criteria follow the earlier findings [56-58]. 

5. Conclusions 

The obtained results of accuracy assessment indicate the success of random forest classification in 
land cover mapping from Landsat images in the current study and bridges landscape ecology and 
remote sensing to understand the effects of the socio-economic-political factors in the park. 

The metrics successfully depicted the changes in the landscape and were considered useful tools 
for preserving and sustaining landscape diversity. Furthermore, metrics provide numerical data on 
the landscape and with their calculating, human impacts can be detected on the landscapes over time. 
Therefore, Halgurd-Sakran National Park core zone was an appropriate area for challenging these 
landscape metrics for discovering landscape changes. Hence, the landscape structure was quantified, 
analyzed and mapped to; describe changes between two different times, compare different landscapes, 
and to connect the landscape pattern to the ecological processes. Of all the metrics computed, NP, MPS, 
ENN_AM, and COHESION were found to be most suitable for carrying out the landscape change 
analysis as these metrics describe both the composition and the configuration of landscape. 

Halgurd-Sakran National Park core zone has experienced significant geopolitical change related 
to the Fall of Baghdad in April 2003. Moreover, most of the drivers influencing the LULC change of 
the park are influenced by political, societal and economic factors. Thus, economic and politic are the 
main influencing forces in HSCZ. Since this study provides the first preliminary understanding into 
the concern of driving force impacts in HSCZ, we diagnose the need for future research in order to 
make available more precise and better-informed and more sustainable landscape decisions. 

To conclude, monitoring and comparison of the natural resources in the upper and lower parts of 
the Halgurd-Sakran National Park core zone is necessary, which provides park managers, designers, 
planners and other partners, and the public with scientifically dependable data and information on the 
current state of the environmental selected park resources. 
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Abstract: Wildlands are increasingly lost to human development. Conservation scientists repeatedly 
call for protecting the remaining wildlands and expanding the land area protected in reserves. 
Despite these calls, conservation reserves can be eliminated through legislation that demotes their 
conservation status. For example, legislation introduced to the Congress of the United States recently 
would demote 29 Wilderness Study Areas (WSAs) from the protections afforded by their existing 
status. The proposed legislation suggests that the 29 areas are not suitable for a promotion and future 
inclusion in the National Wilderness Preservation System based on decades-old local evaluations. 
Local evaluations, notwithstanding, it may be important to consider the value of lands from a national 
perspective. Without a national perspective, local evaluations alone may lead to overlooking the 
national significance of lands. With this in mind, I used five qualities of wildland value (wildness, 
intactness of night sky, lack of human-generated noises, intactness of mammals, and intactness of 
mammal carnivores of conservation concern) to compare the 29 WSAs to all national parks and 
wilderness areas located within the contiguous United States. The pool of 29 WSAs was similar to 
the pool of national parks and wilderness areas with respect to the five qualities assessed, and some 
of the WSAs were characterized by higher values than most of national parks and wilderness areas. 
This analysis demonstrates the national significance of the WSAs targeted for demotion of their 
existing conservation status. Such an approach could be used in future land management legislation 
and planning to ensure that a national perspective on conservation value is brought to bear on 
decisions facing federally-managed lands. 

Keywords: Wilderness Study Areas; light pollution; noise pollution; wildness; protected areas 


1. Introduction 

Humans are impacting Earth's remaining wildlands at an increasingly rapid rate, and researchers 
have measured this loss at global and national scales [1,2], Given the loss of wildlands, conservation 
scientists continue to make calls to protect what is left of Earth's wild places [3-5]. Wildlands are 
defined by their lack of human modification and serve to maintain ecological processes, populations 
of species, and biological diversity [5-7]. Lack of human modification in the way of limited road 
density, light and noise pollution, and intact biological communities represent important conservation 
priorities [1]. 

Protected areas, including national parks and wilderness areas, are an effective means of 
maintaining wildlands and the values therein [8,9]. Teams of scientists have recommended additional 
lands be included in protected areas [10], recognizing that existing systems of conservation reserves 
may be insufficient to sustain species and ecosystems into the future [11]. Despite these calls for 
additional protected areas, policy makers at times recommend that conservation protections be 
removed from lands (e.g.. Bears Ears National Monument and the Arctic National Wildlife Refuge). 
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In December 2017, Senator Steve Daines introduced the Protect Public Use of Public Lands Act to 
the U.S. Congress, which would "release" five Wilderness Study Areas (WSAs) located on U.S. Forest 
Service lands in Montana. Later in March of 2018, Congressman Greg Gianforte introduced two bills to 
release 24 additional WSAs, mostly located on Bureau of Land Management (BLM) lands in Montana. 
The release of these 29 WSAs (Figure 1) would functionally eliminate the management direction 
that maintains the wild character of these places. WSAs are classified by the Gap Analysis Program 
(GAP) as GAP status 2 because of the management directives that maintain biological diversity 
while restricting commercial extractive uses (timber harvesting or mineral and energy extraction) 
and motorized recreation. GAP status classification ranges from 1 to 4 and is assigned to lands or 
management areas based on their policies and guidelines (Table 1). The Forest Service WSAs targeted 
in the proposed bills were originally designated by Congress via the Montana Wilderness Study 
Act of 1977 to "maintain their presently existing wilderness character and potential for inclusion in 
the National Wilderness Preservation System". The BLM WSAs were designated as such through 
administrative planning processes based on mandates in the Federal Land Policy Management Act 
of 1976 [12] to preserve the wilderness character of lands. 




Figure 1. Map of targeted Wilderness Study Areas (WSAs) in Montana (top) and all national parks 
and wilderness areas in the lower 48 states used in this analysis (bottom). Not all WSAs are 
labeled; see Table 2 for full list of WSAs included in proposed legislation aimed at demoting their 
conservation status. 

Release of WSAs would demote the protected area status from GAP 2 to GAP 3 and represents an 
example of the impermanence of certain highly protected conservation reserves. Conservation reserves 
can be designated, but such legal protections can also be removed. In the introduced bills proposing 
release of the 29 WSAs, Senator Daines and Representative Gianforte argue that these areas are not 
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suitable for permanent protection via legislative wilderness designation, and therefore would be more 
appropriately managed for motorized recreation use and extractive resource use. It was argued that 
suitability was assessed using local evaluations that occurred during the 1980s. However, before 
demoting these or any such areas from their current status as WSAs based solely on local assessments, 
it may be critical to conduct updated assessments and include analyses that quantify their value at 
national scales [13,14]. Without such an assessment, the value of areas slated for demotion may not be 
fully appreciated. 

Table 1. Gap Analysis Program (GAP) status classification and overview of conservation protection. 

WSAs set for release in proposed legislation would functionally demote those areas from GAP 2 to 

GAP 3. BLM: Bureau of Land Management. 


GAP Status 

Definition 

Examples 

GAP status 1 

An area having permanent protection from 
conversion of natural land cover and a mandated 
management plan in operation to maintain a natural 
state within which disturbance events (of natural 
type, frequency, intensity, and legacy) are allowed to 
proceed without interference or are mimicked 
through management. 

National parks. Wilderness 

Areas in the National Wilderness 
Preservation System 

GAP status 2 

An area having permanent protection from 
conversion of natural land cover and a mandated 
management plan in operation to maintain a 
primarily natural state, but which may receive uses 
or management practices that degrade the quality of 
existing natural communities, including suppression 
of natural disturbance. 

National monuments. 

Wilderness Study Areas 

GAP status 3 

Area having permanent protection from conversion 
of natural land cover for the majority of area. Subject 
to extractive uses of either broad, low-intensity type 
(e.g., logging) or localized intense type (e.g., mining). 
Confers protection to federally listed endangered 
and threatened species throughout the area. 

National Forests open for timber 
harvesting and BLM land open 
for energy development 
(i.e., outside of wilderness) 

GAP status 4 

No known public/private institutional 
mandates/legally recognized easements. 

Department of Defense lands 


Here, I evaluate the wildland qualities of the WSAs targeted for release and compare them to 
national parks and designated wilderness areas located in the contiguous United States. National 
parks and wilderness areas represent highly protected iconic lands in the U.S. that sustain "vignettes of 
primitive America” and "the biotic associations ... maintained" [15]. National parks and wilderness 
areas also represent core conservation reserves [16], valuable for protecting wildland values and 
biodiversity. I compared the relative wildland quality of the targeted WSAs to national parks and 
wilderness areas to assess their value at a national scale. 

To assess the value of the targeted WSAs, I used five maps of data representing wildland qualities 
and wilderness character: (1) wildness as estimated by human modification [17]; (2) intactness of night 
skies (opposite of light pollution) [18]; (3) quietness of landscapes (opposite of noise pollution) [19]; 
(4) intactness of mammal assemblage; and (5) intactness of carnivores of conservation concern [20]. 
These five metrics represent available mapped data that serve as indicators for the qualities of wildlands 
associated with ecological integrity available at the extent of the contiguous United States. Wildness, 
night skies, and quietness have previously been used to assess wilderness character [21,22]. Sustaining 
lands with high degrees of wildness, dark night skies, lack of human-generated noise pollution, 
and intact mammal and carnivore communities represent important national or international goals in 
wildland protection [5,6,23]. 
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Table 2. Wilderness Study Areas targeted for release via recently proposed legislation to the U.S. Senate 
and House of Representatives. FS: U.S. Forest Service; BLM: Bureau of Land Management. 


Targeted Wilderness Study Area 

Agency 

Hectares 

Big Snowies 

FS 

88,693 

Blue Joint 

FS 

63,407 

Middle Fork Judith 

FS 

80,856 

Sapphire 

FS 

94,740 

West Pioneer 

FS 

153,690 

Antelope Creek 

BLM 

12,912 

Axolotl Lakes 

BLM 

7824 

Bell/Limekiln Canyons 

BLM 

9377 

Billy Creek 

BLM 

3411 

Bitter Creek 

BLM 

60,851 

Black Sage 

BLM 

5963 

Blacktail Mountains 

BLM 

17,530 

Bridge Coulee 

BLM 

6022 

Centennial Mountains 

BLM 

47,870 

Cow Creek 

BLM 

33,658 

Dog Creek South 

BLM 

5140 

East Fork Blacktail Deer Creek 

BLM 

6862 

Ervin Ridge 

BLM 

10,361 

Farlin Creek 

BLM 

1186 

Henneberry Ridge 

BLM 

9581 

Hidden Pasture Creek 

BLM 

15,584 

Hoodoo Mountain 

BLM 

10,919 

Ruby Mountains 

BLM 

26,923 

Seven Blackfoot 

BLM 

20,155 

Stafford 

BLM 

4923 

Terry Badlands 

BLM 

42,742 

Twin Coulee 

BLM 

6839 

Wales Creek 

BLM 

11,457 

Woodhawk 

BLM 

8029 


2. Materials and Methods 

Wildness was estimated using the map of human modification (Figure 2 [17]). Human modification 
data are based on land cover, human population density, roads, and other mapped data on ecological 
condition [17]. These data are highly correlated with an earlier map depicting wildness [24], and have 
been used as a surrogate for wildness in other work [11], Data are scaled from 0 (no measured human 
modification) to 1 (high degree of human modification), but I reverse ordered these so that higher 
values represent wilder values. 

Light pollution is measured during the night from the Visible Infrared Imaging Radiometer Suite 
(VIIRS), a sensor on board the Suomi National Polar-orbiting Partnership satellite (Figure 2, [25]). 
This mapped dataset serves as a measure of the intactness of the night sky. From the VIIRS light 
pollution data, higher values represent more intense light pollution and thus lower wildland quality 
and greater ecological impacts. Therefore, I reverse ordered the data to represent intactness of the 
night sky. Because the data are highly skewed, I log-transformed the data. For the final metrics, higher 
values represent darker, more intact night skies. Similarly, mapped data of human-generated noise 
pollution is based on field observations and a spatial model using landscape features that influence 
sound propagation [26,27]. Greater intensity of human noises (higher predicted dBA) is associated 
with reduced wildland quality and greater ecological impacts (Figure 2). Similar to light pollution 
data, I reverse ordered these data to represent lack of noise pollution or quietness of the landscape in 
mapped pixels. 

Intactness of wildlife community was estimated by overlaying current and historical distributions 
of species [20]. I used this overlay to calculate the proportion of mammal species currently present 
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from species historically present. Values closer to 1 are associated with high intactness of wildlife 
community (i.e., a value of 1 represents lands where all species still occur from those that historically 
occurred). I also calculated this intactness ratio using 10 mammal carnivores of conservation concern 
including red wolves {Canis rufus), grey wolves ( Canis lupus), mountain lions {Puma concolor), lynx 
{Lynx canadensis), black bear {Ursus americamis), grizzly bear {Ursus arctos), fisher {Pekania pennanti), 
wolverines {Gulo gido), black footed ferret {Mustela nigripes), and swift fox (Vulpes velox). These species 
were chosen based on whether the species or a population of the species was listed as threatened or 
endangered under the Endangered Species Act, or if the species was listed as sensitive by the U.S. 
Forest Service. See bottom maps of Figure 2. 

After obtaining or calculating these mapped metrics, I overlaid locations of four groups of land 
management zones: national parks {N = 47), wilderness areas {N = 709), the targeted WSAs keeping 
the forest service {N = 5), and BLM units {N = 24) separated (Figure 1). In cases where wilderness 
areas and national parks overlapped, wilderness areas took priority. I then calculated the average 
value of each of the five metrics of wildland quality for all management units using the raster package 
of R. I calculated summary statistics for each group (i.e., national park, wilderness area, BLM WSA, 
and U.S. Forest Service (FS) WSA) and plotted the distribution of data using boxplots. This allowed 
me to compare the median, means, and distribution of each of the five mapped metrics among the four 
groups of land management zones to evaluate how the targeted WSAs compared to existing highly 
protected and valuable conservation areas. Finally, I created dot charts of ranks of the targeted WSAs 
for each of the five metrics and added plots of the median values among national parks and wilderness 
areas. This simple plotting technique allowed me to easily assess the value of individual targeted 
WSAs and compare the WSA units to the central tendency of wildland values among national parks 
and wilderness areas combined. 




Figure 2. Map of values used to assess wildland quality of Wilderness Study Areas targeted for release. 
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3. Results 

Average and median wildness tended to be higher in the targeted FS and BLM WSAs than in 
either national parks or wilderness areas (Figure 3). All five FS WSAs and 18 of 24 of the BLM WSAs 
were wilder than half of national parks and wilderness areas combined (Figure SI). In fact, one FS 
WSA (Big Snowies) and four BLM WSAs (East Fork Blacktail Deer Creek, Twin Coulee, Centennial 
Mountains, and Blacktail Mountains) were wilder than 90% of all national parks and wilderness areas 
combined (Figure SI). 



0.6 


0.4- 1 _ T _ T _ | 

BLM WSAs FS WSAs National Parks Wilderness 




I 

■ 

I 


BLM WSAs FS WSAs National Parks Wilderness 


0.9 

0.8 




0.4 


BLM WSAs FS WSAs National Parks Wilderness 


0 . 0 ' 


I 

I 


BLM WSAs FS WSAs National Parks Wilderness 


Figure 3. Boxplots of values used to assess wildland quality of Wilderness Study Areas targeted for 
release administered by the Bureau of Land Management (BLM) and U.S. Forest Service (FS) compared 
to the national parks and wilderness areas. Upper and lower bounds of boxplots represent the 75th 
and 25th percentiles, the dark lines in the box are the median values, and 'whiskers' are the 95th 
and 5th percentiles. Filled circles beyond the whiskers are values from units outside the 95th and 
5th percentiles. 
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Night sky intactness estimates of targeted FS and BLM WSAs were similar to levels in national 
parks and wilderness areas (Figure 3). One of the targeted FS WSAs (Big Snowies) and six of the 
BLM WSAs (Twin Coulee, Bridge Coulee, Wales Creek, Dog Creek South, Stafford, and Axolotl Lakes) 
where characterized by darker night skies than half of all national parks and wilderness areas 
combined (Figure S2). Landscape quietness estimates in the targeted FS WSAs were higher compared 
to national parks and wilderness areas, while quietness in targeted BLM WSAs were similar to 
parks and wilderness areas (Figure 3). All five targeted FS WSAs and seven targeted BLM WSAs 
(East Fork Blacktail Deer Creek, Twin Coulee, Axolotl Lakes, Wales Creek, Hoodoo Mountain, Blacktail 
Mountains, and Seven Blackfoot) experienced quieter conditions than half of all national parks and 
wilderness areas combined (Figure S3). 

Mammal intactness was similar among targeted WSAs and national parks and wilderness areas 
(Figure 3). Three of the five targeted FS WSAs (Blue Joint, Sapphire, and West Pioneer) and 11 BLM 
WSAs had higher mammal intactness values than half of national parks and wilderness areas combined 
(Figure S4). On average, carnivore intactness tended to be higher in targeted WSAs than national parks 
and wilderness areas (Figure 3). Estimates of carnivore intactness in all targeted FS WSAs and 20 BLM 
WSAs were greater than half of all national parks and wilderness areas. In fact, three targeted FS WSAs 
and two BLM WSAs had carnivore estimates greater than 90% of all national parks and wilderness 
areas (Figure S5). 

4. Discussion 

The Wilderness Study Areas targeted for demotion in recently introduced legislation to the 
U.S. Congress are comparable to nationally-significant protected areas with respect to their wildland 
quality. In some cases, individual units targeted for release represent some of the most valuable areas 
with respect to the wildland qualities compared to nationally-celebrated parks and wilderness areas. 
While legislation proposing demotion of the conservation status (i.e., "release") of these WSAs argues 
that these 29 units are unsuitable for wilderness-level protection, this national comparison suggests 
otherwise. These 29 areas may be just as valuable—and in some cases, based on some metrics, more 
valuable—than existing national parks and wilderness areas. 

My assessment of "wildness" using Theobald's map of human modification shows the 29 areas 
to be comparable to the wildest national parks and wilderness areas in the country. As wildlands 
continue to be developed globally and nationally [2,5], it is critical that we include assessments of 
wildness in conservation prioritization [11]. Wildness and a low degree of human modification are also 
associated with high degree of permeability for moving organisms and processes [16,28,29]. Protecting 
lands that maintain a high degree of wildness should inform future conservation globally [6] and 
nationally [11], and may provide benefits to species under climate change [30]. 

Dark skies and quiet landscapes may be considered components of wildness, but here I evaluate 
them as separate qualities for the comparison between targeted WSAs and existing national parks 
and wilderness areas. Dark night skies and relatively quiet conditions indicate that these lands are 
important areas to maintain these qualities both for their ecological [18,19] and recreational value. 
As with wildness, the targeted WSAs are comparable to national parks and wilderness areas and, 
in some cases, maintain darker night skies and quieter conditions than national parks and wilderness 
areas combined. Protecting the remaining lands that maintain darks skies and quiet landscapes may 
offer benefits to species sensitive to these impacts, while also maintaining high quality lands for 
wildland recreation. 

Finally, intactness of assemblages of species has only recently been quantified and mapped at large 
spatial extents [20,23,31,32], Here, I focused on mapping the proportion of mammals and mammal 
carnivores that still occur of that which occurred before pre-European local extinctions [20]. Lands 
that maintain a high degree of "historical fidelity" in their species composition are considered more 
biologically intact [33]. Few places in the contiguous United States still maintain the full complement 
of species that existed before extinctions following Euro-American colonization. The targeted WSAs in 
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Montana are comparable to existing national parks and wilderness areas with respect to the intactness 
of mammal species. However, the targeted WSAs tended to be more highly intact with respect to the 
carnivores of conservation concern included here. Three of the five Forest Service WSAs were more 
intact than 90% of all national parks and wilderness areas combined. These areas still maintain grizzly 
bear habitat and at least occasional occupancy and are home to other mammal carnivores such as 
wolverines, grey wolves, mountain lions, and lynx. Few other areas host such an intact assemblage 
of carnivores. 

The value of these WSAs in sustaining wildlands, dark skies, quiet landscapes, and relatively 
intact mammal assemblages should be considered when evaluating the suitability of these lands for 
elevated levels of protection. Indeed, before demoting these lands and opening them for commercial 
timber extraction, energy development, and intensified motorized recreation, a national perspective 
on their value, such as the one I present here, is needed. Local assessment will always be an important 
step in conservation planning, but increasingly we have datasets and tools available to place lands into 
a more national perspective to assess their value at that scale. Federal lands should be managed with 
such a perspective. Assessments such as the one I present here will not be the deciding factor in the 
future of these 29 WSAs, but such an assessment should provide important perspective on their value. 

5. Conclusions 

Federal legislation has been introduced to demote the conservation status of 29 Wilderness 
Study Areas (WSAs) in Montana. Three decades ago, these WSAs were deemed unsuitable for 
conservation status promotion by the Forest Service and BLM. However, the proposed legislation 
would actually demote their conservation status and the protections afforded by their existing 
designations. This demotion could result in increased commercial development in these areas, 
including timber harvesting, energy exploration and development, road-building, and motorized 
recreation. I have shown that these areas maintain a high degree of wildland quality when compared 
with existing national parks and wilderness areas in the contiguous United States. A similar analysis 
that places local evaluations into a national perspective should be conducted when similar policies or 
bills are proposed that would demote the conservation status of lands. 
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Abstract: There is a growing recognition of the contribution that privately-owned land makes to 
conservation efforts, and governments are increasingly counting privately protected areas (PPAs) 
towards their international conservation commitments. The public availability of spatial data on 
countries' conservation estates is important for broad-scale conservation planning and monitoring 
and for evaluating progress towards targets. Yet there has been limited consideration of how PPA data 
is reported to national and international protected area databases, particularly whether such reporting 
is transparent and fair (i.e., equitable) to the landholders involved. Here we consider PPA reporting 
procedures from three countries with high numbers of PPAs—Australia, South Africa, and the United 
States—illustrating the diversity within and between countries regarding what data is reported and 
the transparency with which it is reported. Noting a potential tension between landholder preferences 
for privacy and security of their property information and the benefit of sharing this information 
for broader conservation efforts, we identify the need to consider equity in PPA reporting processes. 
Unpacking potential considerations and tensions into distributional, procedural, and recognitional 
dimensions of equity, we propose a series of broad principles to foster transparent and fair reporting. 
Our approach for navigating the complexity and context-dependency of equity considerations 
will help strengthen PPA reporting and facilitate the transparent integration of PPAs into broader 
conservation efforts. 

Keywords: Convention on Biological Diversity; Aichi Target 11; conservation planning; protected 
area reporting; equity framework; private land conservation; privacy 


1. Introduction 

Protected areas remain a core global strategy for curbing the current biodiversity extinction 

crisis [1]. Under the Convention on Biological Diversity (CBD), signatory governments have committed 

to conserve at least 17% of their terrestrial and 10% of their marine environments by 2020 through 

"ecologically representative" protected area networks (Aichi Target 11) [2], Despite significant 
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expansion in the global protected area estate in the past two decades, many countries are predicted 
to fall short of this target, particularly in terms of ecological representation [3,4]. The majority 
of the world's reported protected areas are owned and managed by governments [1], with their 
efficacy and extent constrained in many cases by limited governmental resources and competing 
priorities [5]. The capacity of these protected areas to protect representative samples of biodiversity is 
further limited by often historical biases in their locations towards higher elevations, steeper slopes, 
and less productive portions of the landscape [4,6]. In many countries, the majority of land is 
privately owned, particularly in highly productive areas, and some of these contain threatened 
and/or under-represented ecosystems [7-10]. Increasingly, privately protected areas (PPAs) are being 
used to conserve biodiversity on private land, complementing government-owned protected area 
estates [8,11-14], The increase in the number of, and area covered by, PPAs around the world in recent 
decades [15,16] poses unique opportunities and challenges for monitoring, managing, and expanding 
the protected area estate. 

The potential for PPAs to contribute to conservation has been emphasized by the International 
Union for Conservation of Nature (IUCN) World Commission on Protected Areas (IUCN-WCPA) [17], 
and in some countries, PPAs are counted towards international conservation targets (e.g., Aichi Target 
11 [15]). PPA information (e.g., geospatial data, property name, management authority) is included 
within some national and international protected area databases, such as the World Database on 
Protected Areas (WDPA) [16]. These databases provide information on the distribution of a country's 
complete protected area estate, which is important for systematic conservation planning, monitoring, 
and evaluation [18,19] and enables transparent assessments of progress towards international 
conservation targets (e.g., [20]). While the inclusion of PPAs in national and international databases is 
beneficial from a conservation perspective, the public accessibility of many of these databases raises 
questions about whether current approaches of including PPA information are fair and transparent to 
the PPA owners. 

Defined as protected areas under private governance [15], PPAs encompass a diverse set of private 
property conservation arrangements (e.g., conservation easements, conservation covenants, and land 
stewardship agreements). In many countries, PPAs are commonly owned by individuals or families 
(hereafter referred to as "landholders"), and in some instances these landholders live on and/or derive 
a primary income from their land [15]. These individual or family PPA landholders (as opposed to 
non-government organizations, NGOs, who own PPAs) are the focus of this paper. The capacity and 
motivation of these landholders for managing their PPAs can vary [21], as can their awareness of 
the obligations of owning protected land [22], Whilst some PPAs are established and managed with 
public funding (e.g., incentives programs), others rely on private funding or independent action by 
landholders [23]. This diversity in landholder motivations, management approaches, and residential 
or financial dependence on PPAs suggests there may be potential differences in landholder preferences 
regarding the sharing of PPA information. Thus, the inclusion of PPA information in conservation 
databases warrants considerations beyond those required for protected areas on public land. 

However, there has been limited consideration of PPA data reporting processes, and it remains 
unclear what PPA information is collated, who has access to this information, whether landholders are 
aware of reporting procedures, and how their perspectives are accounted for [24-26]. Examining these 
questions is timely given the current development of PPA best-practice guidelines by the IUCN 
(referred to in [16]) and the 2020 deadline for achieving the CBD Aichi Targets. The 2016 IUCN World 
Conservation Congress approved a resolution on supporting PPAs, which calls on IUCN members 
to "include privately protected areas that meet the requirements of IUCN Protected Area Standards 
when reporting about protected area coverage and other related information, including to the World 
Database on Protected Areas (WDPA) and to the CBD, in collaboration and agreement with the owners of 
such areas" (emphasis added) [17] (p. 2). A discussion on PPA data reporting is also timely given the 
General Data Protection Regulation that became enforceable in the European Union earlier this year 
(a region in which PPA numbers are increasing [14,27,28]). 
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Acknowledging the benefits of compiling PPA databases, we explore in this paper current 
international and several national procedures for reporting PPA data and the extent to which 
landholders are informed of these procedures. We focus on the three countries with the highest 
numbers of reported PPAs in the WDPA: Australia, South Africa, and the United States of America 
(USA) [16]. Given the apparent need for transparency and fairness in PPA reporting, particularly for 
PPAs owned by individuals (as opposed to NGOs), we apply an equity framework to identify the 
potential tensions and implications of including PPA data in publicly accessible databases. This broad 
framework leaves room for the diversity of contexts in which PPAs are administered. As such, our aim 
is to prompt reflection against equity principles in a manner that acknowledges this context diversity 
rather than offer a rigid tool for universal application. Finally, we synthesize the insights into a series 
of principles to help policy makers navigate potential issues and promote equitable reporting of PPA 
data. We emphasize the importance of navigating these issues to ensure effective integration of PPAs 
into conservation planning, management, and monitoring where agreed by the owners of such areas. 

2. Current International and National PPA Data Management Procedures 

Debate around providing access to personal or sensitive data spans many domains, including big 
data, e-health, and law enforcement (e.g., [29,30]). One prominent example within conservation is 
whether to publish the location of threatened species. Some researchers argue that location data 
should be kept confidential given the risks of poaching [31], while others promote open-access to 
enable effective conservation planning and management [32,33]. In the case of PPAs, the value of 
comprehensive protected area databases for conservation planning and management may come with 
risks to the landholders who make available their property information. For example, concerns have 
been raised by conservation organizations and landholders that publishing the location of a PPA 
may encourage trespassing or be used by property developers to identify undervalued land [24,26]. 
The need for the data owner's consent to share their information is also a common feature in 
international data-sharing policies [34], It is thus important to explore whether and how current 
international and national protected area reporting processes navigate these considerations. 

The importance of international collaboration between state and private actors for successful 
conservation initiatives, including protected areas, is increasingly discussed [35-37]. In reporting 
protected area data, this collaboration typically takes the form of national governments collating 
protected area (including in some instances PPA) information from a variety of sources (e.g., 
national and subnational government agencies, NGOs) and reporting this information to the United 
Nations Environmental Program-World Conservation Monitoring Centre, which curates the WDPA [38] 
(Figure 1). NGOs can also submit protected area data directly to the WDPA subsequent to data 
verification by the WCPA [16]. Unless otherwise specified, this data is made freely available online 
where it is used for a variety of purposes, including conservation research, the development of 
conservation indicators and targets (e.g.. Sustainable Development Goals Indicator 15.1.2 and Aichi 
Target 11), and reporting on conservation progress (e.g.. Protected Planet Report) [38]. The WDPA 
also accepts data with restrictions on use and dissemination. If PPA data is considered sensitive 
by the data provider, it can be used by WDPA managers for analyses but not shared further [16]. 
The WDPA requires, at a minimum, the protected area name, management authority, and geographic 
location [38]. Ideally, management plans and geospatial data of protected area boundaries are also 
provided. Data is only accepted into the WDPA after the provider has signed a contributor agreement, 
stipulating whether the data can be shared publicly and verifying that the "relevant stakeholders and 
rights-holders" have agreed to the provision of the data [38] (p. 60). However, for PPA data provided 
to the WDPA, there is limited information regarding the extent to which relevant landholders are 
aware of, and agree with, the inclusion of their data [16]. There is therefore a need to examine how 
PPA data is collected, managed, and reported within countries (Figure 1). 
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Figure 1. Conceptual flow of privately protected area (PPA) data from local (landholder) to international 
(World Database on Protected Areas; WDPA) reporting levels. Recognitional equity considerations are 
important at all levels, while distributional and procedural equity considerations are most applicable to 
the PPA data collection and collation decisions, rules, and responsibilities established within a country 
(Table 1). The ten principles described in Box 1 are intended to guide equitable data collection by the 
local, state, or regional organizations that oversee the PPA agreements. 

In their recent review of 17 countries, Stolton et al. (2014) [15] found that 12 countries had national 
databases of their PPA estates, though the majority were incomplete. Here we illustrate the diversity 
in PPA reporting using three examples: Australia, South Africa, and the USA. These three countries 
currently report the greatest number of PPAs to the WDPA (together accounting for 87% of all PPAs in 
the WDPA in 2017 [16]), and therefore represent good examples for considering reporting procedures 
across three diverse continents. These are not intended to be in-depth case studies but are rather 
illustrations of current PPA reporting issues. 

In Australia, conservation covenants and private reserves owned by NGOs are the key 
mechanisms for establishing PPAs [25,39]. Conservation covenants are binding agreements between 
landholders and an authorized agency (e.g., state-level government, NGOs), established to protect 
natural features in perpetuity, sometimes incentivized through the provision of financial support or 
management guidance [25]. The PPA estate in Australia has seen impressive expansion in recent years, 
increasing the biodiversity representation and connectivity of the National Reserve System [19,25]. 
While Australia has a publicly available national protected area database that has shown good progress 
in its inclusion of PPAs (Collaborative Australian Protected Area Database; CAPAD), covenants are 
designated under state legislation and only some states and agencies provide data to the national 
database [25]. Factors impeding covenant reporting include privacy concerns about revealing property 
locations and a lack of coordination among stakeholders (e.g., state governments versus the Australian 
government) [25,40]. While many interviewed landholders viewed inclusion of their covenanted 
land in the national database positively, others had a negative perspective towards inclusion due 
to concerns that their contribution may lessen the government's responsibility for meeting national 
protected area targets on publicly-owned land (i.e., additionality does not take place through state 
protected area expansion because governments count PPAs that were being conserved anyway towards 
their targets) [41]. For some PPAs, there is transparency that landholders' property information 
will be included in national databases upon signing agreements (e.g., new PPAs purchased by 
NGOs with funds from the Australian Government's National Reserve System Program and new 
covenants signed under the Tasmanian Private Forest Reserve Program in exchange for financial 
incentives) [25]. For other conservation covenants that are currently reported nationally, it is unclear 
whether landholders are made aware that information about their properties may be included as PPAs 
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in national and international databases. We are aware that some programs have not sought explicit 
permission to include this data in the CAPAD. 

In South Africa, the Department of Environmental Affairs has a legislative mandate to maintain a 
publicly available register of South Africa's conservation estate [42] and an advanced legislative system 
for formally recognizing PPAs, which have become the focus of protected area expansion efforts [43]. 
South Africa's primary tool for expanding its estate of protected areas on privately owned land is the 
national biodiversity stewardship initiative [44], Biodiversity Stewardship Agreements are established 
through a contract between the landholder and the provincial conservation agency, and data-reporting 
policies are not evident in the national contract template [45], However, the establishment of a formal 
PPA requires a public gazettal process [45], suggesting landholders are likely to be aware of the public 
availability of their property's name, land use, and geospatial data. 

The establishment of most private conservation areas in the USA is negotiated by organizations 
that either purchase land directly or specialize in conservation easements (agreements between 
landholders and organizations regarding land use restrictions to achieve conservation in exchange for 
payment, tax benefits, or development permits [23]). The publicly accessible National Conservation 
Easement Database has successfully aggregated data on easements held by thousands of conservation 
organizations (NGOs, state and federal governments), but many organizations have declined to 
provide data [26]. Concern for landholder privacy is reported as a primary deterrent for those not 
reporting as well as prior agreements with landholders not to share locations and fear that this data 
could be used by developers to identify undervalued properties [24,26]. Although the USA does not 
formally recognize a unified national protected area system and has no PPA definition, an impressive 
8731 USA PPAs are reported in the WDPA—the most of any country [46]. 

These examples highlight some of the diversity both within and between countries in the extent of, 
processes associated with, and transparency regarding the reporting of PPA data. This diversity reflects 
complex governance and legislative arrangements involving landholders, NGOs, and governmental 
agencies that operate at local through to national scales. Based on the examples above, it is not 
always clear whether affected landholders are made aware of data management policies and whether 
they are provided the opportunity to state their preference regarding being labeled as a PPA and 
included in national and international databases and towards conservation targets. While some 
landholders viewed inclusion in national protected area systems positively [41], several studies have 
noted landholder concerns regarding the public sharing of their information ranging from privacy 
risks to a reluctance to negate governments of their conservation responsibilities [26,41], The lack of 
reporting transparency and landholder concerns around PPA data sharing are not specific to the three 
focal countries. During the compilation of a PPA database for Mexico, for example, concerns were 
raised by some landholders that the misuse of their PPA information by others could lead to instances of 
blackmail [16,47], When these concerns are weighed against the importance of sharing this information 
for broader societal benefits, such as effective conservation planning, potential tensions emerge between 
private and public good [24]. These tensions need to be navigated fairly and transparently. 

3. Issues of Equity around PPA Data Inclusion in Publicly Accessible Databases 

Questions of fairness and transparency in PPA reporting suggest the need to engage with 
the concept of equity, which is broadly defined as the fair and just treatment of individuals or 
groups within society [48]. The consideration of equity in conservation can be regarded as both 
fundamental (i.e., it is inherently right) and outcome-based (i.e., it can assist in achieving effective 
long-term conservation) [49]. For example, perceptions of unfairness amongst communities affected 
by conservation policies can lead to increased costs for conservation programs [50]. There is increasing 
recognition that conservation policy has often neglected issues of equity regarding people affected by 
policy prescriptions [51]. Equity brings a focus to questions of legitimate process, participant buy-in, 
increased accountability, and transparent compliance for conservation [50,51]. 
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Table 1. Considerations of three dimensions of equity [48-50] in the inclusion of privately protected area 
(PPA) data (e.g., geospatial data, property name, management authority) in publicly available databases 
and towards national and international conservation targets. These considerations are relevant to the 
organizations that engage directly with landholders, facilitate PPA agreements, and collect PPA data 
('data collectors'; Figure 1). Some considerations are also relevant to the national organizations that 
collate this information and decide whether to contribute it to international databases. 


Dimensions of Equity Level of Relevance 


Considerations 


• If PPA inclusion in publicly accessible databases and/or 
towards targets is mandatory for a program or country, 
are efforts made to ensure landholders understand the 
reporting process and its implications when they enter into 

Data collectors a PPA have agreed to this? 

• Who is responsible for making landholders aware of their 
obligations and rights, and for communicating any 
changes in national or international policies to landholders 
(e.g., the organization engaging with PPA landholders, 

or the regional or national government)? 


Procedural: equitable involvement 
and inclusion of all stakeholder 
groups in rule-making and decisions 


National 


To what extent should landholders be involved in 
decisions about what data is reported to national and 
international databases? Is it important that landholders 
feel their preferences have been considered? 

Are national and international reporting rules and 
agreements consistent with those that landholders sign 
when establishing PPAs on their properties or do they 
place extra levels of obligation not previously agreed to? 
Who owns the PPA data (e.g., the landholder, 
the conservation organization, the government), and is this 
recognized formally in PPA agreements? If additional 
parties provide funding or support in establishing or 
managing a PPA, does that entitle them to (partial) 
ownership of the data and thus a say in decisions about the 
data's accessibility? 


• Wfhat data security risks are associated with storing and 
sharing PPA information, and how are they being 
managed by the organizations involved in PPA reporting? 
(e.g., sharing PPA data could cause trespassing issues or 

Data collectors create a target for developers or marketers [26]). 

• How are equity issues addressed as the PPA changes 
ownership? (e.g., an original owner may have agreed to 
share information, yet a subsequent owner does not; 
see [22]). 


Distributional: equitable distribution 
of costs, benefits, rights, 
responsibilities, and risk within and 
among groups from present and 
future generations 

National 


What are the landholders' costs, risks, and responsibilities 
of inclusion relative to the public benefits derived from 
their inclusion in publicly accessible databases? 

Is there a risk that the transaction costs associated with 
reporting could impact rates of PPA establishment and 
ongoing landholder satisfaction, thus influencing public 
conservation benefits [52]? 

If public funds are used in the process of establishing PPAs 
(e.g., identifying, incentivizing, capacity building [53]) 
should landholders be required to allow data related to 
their properties to be used for national conservation 
reporting [24,26]? 

Does the use of PPAs in delivering 'common good' 
conservation outcomes (e.g., knowledge of conservation 
progress and improved ability to plan strategically for 
conservation at a landscape scale [54]) compel data 
sharing? Does this apply in situations where landholders 
finance the costs of PPA establishment and management? 
Does the reporting of PPA data that contributes to national 
conservation estates add to or substitute for government 
responsibility for meeting international targets? (e.g., could 
PPAs reduce the responsibilities of governments for 
meeting international protected area targets through public 
land management/investment [26,41]?). 
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Table 1. Cont. 


Dimensions of Equity 


Level of Relevance 


Considerations 


• Have reporting and communication processes considered 
the diversity in landholders' awareness of the 
consequences of PPA reporting (e.g., [22])? 

• How are geographical, political and program-specific 
considerations incorporated into the reporting process? 
(e.g., in the USA, different programs are subject to different 
laws that influence inclusion requirements and privacy 
concerns [26]). 


Recognitional: equitable respect for 
knowledge systems, values, social 
norms, and rights of all stakeholders, 
and consideration of the diversity of 
institutional and political settings. 

National 


Are all institutions and levels of government involved in 
reporting processes considered trustworthy by landholders 
and international conservation bodies, and does this 
influence landholders' willingness to share data [52,55]? 
Has consideration been made for landholders' motivations 
and how these might influence willingness to share 
information? Engaging with motives can be vital for PPA 
success [55,56]; some motivations may lead to support for 
data-sharing (e.g., motivation to contribute to national 
conservation efforts [41]), while others may result in a lack 
of support for data-sharing (e.g., motivation for 
privacy [26]). 

Does reporting consider land tenure and cultural 
differences (e.g., individualistic versus collective 
ownership, history of land tenure, differences between first 
and subsequent generation PPA landholders [22]). 

To what extent could PPA reporting influence conflict over 
governance arrangements and contested property rights? 
(e.g., property rights and governance processes can be fluid 
and unstable depending on institutional, community and 
individual power dynamics [24]). 


The importance of equitable processes in the establishment and management of protected areas is 
emphasized by the CBD under Aichi Target 11, which states that indigenous and local communities 
"should equitably share in the benefits arising from protected areas and should not bear inequitable 
costs" [2]. Here we highlight the relevance of equity issues beyond protected area establishment 
and management to protected area data reporting when private landholders are involved. This is 
particularly relevant considering that a new post-2020 global Strategic Plan for Biodiversity will be 
negotiated over the coming years and new targets will be set that will require equity considerations. 
Following from recent work on equity in conservation contexts [48-50], we use three dimensions of 
equity—procedural, distributional, and recognitional—to unpack potential fairness considerations 
and tensions associated with including PPAs in publicly accessible databases. We frame these 
considerations as a series of questions to facilitate reflection on reporting processes for different 
organizations (Table 1). We include questions that are (1) most relevant to the organizations that 
engage with landholders, facilitate PPA agreements, and collect PPA information, and (2) also relevant 
to organizations that collate this information at a national level (see Figure 1). The questions listed 
are not intended to be prescriptive, nor do we assume they are all-encompassing given the likely 
range of equity issues in different PPA contexts. The questions offer prompts for considering how 
organizations can respond to the issues raised in a manner that is applicable to their context and 
governance arrangements. 

Procedural equity refers to the equitable involvement and inclusion of all stakeholder groups 
in rule-making and decisions [48]. Questions of procedural equity for PPA data reporting relate to 
how decisions are made regarding whether to include PPAs in publicly accessible databases and 
towards international targets and the extent to which different landholders can participate in these 
decisions (Table 1). Distributional equity refers to the equitable distribution of costs, benefits, rights, 
responsibilities, and risk within and among groups from present and future generations [48] and 
is thus associated with how the benefits and costs for public and private stakeholders involved 
in PPA reporting processes are distributed (Table 1). Finally, recognitional equity relates to the 
equitable respect for knowledge systems, values, social norms, and rights of all stakeholders and 
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consideration of the diversity of institutional and political settings [48], calling for consideration of 
the diversity of PPA landholders and the environments in which PPAs operate (Table 1). Questions of 
distributional, procedural, and recognitional equity are likely to be important for guiding decisions, 
rules, and responsibilities established by organizations collecting, managing, and sharing PPA data 
within a country (Figure 1). In addition, the relevance of recognitional equity considerations may 
extend to the international organizations aggregating and sharing this data (Figure 1). 

4. Navigating Equity Considerations: Principles for Fair and Transparent PPA Data Reporting 

Organizations face significant challenges in ensuring that PPA reporting processes are fair 
and transparent (challenges of capacity, complex governance arrangements, etc. [15,26]). However, 
potentially larger challenges to long-term conservation may arise if reporting is not transparent. 
An equitable reporting process is important for developing and maintaining organizational legitimacy 
and ensuring landholders feel supported—two factors that can influence landholder motivation to 
participate in conservation activities and thus have a notable impact on conservation outcomes [50,53]. 
Equitable reporting is also imperative for maintaining the quality of PPA data and fulfilling the 
WDPA requirement that the data contributors "have the rights, permissions and authority" to report 
data [38] (p. 59). The retraction of non-consented data from the WDPA (in line with the UNEP-WCMC 
protocol) could have direct consequences for the ability of conservation practitioners, policy makers 
and researchers to effectively plan and monitor conservation efforts across landscapes and at national 
and international scales. While arrangements that ensure the fair inclusion of PPAs in public databases 
will be context-specific (Table 1), we propose a set of broad principles that could guide the consideration 
of equity in a consistent and transparent process across a range of contexts (Box 1). 

Box 1. Ten principles for the fair and transparent inclusion of PPA data in publicly accessible databases 

(adapted from Greenleaf (2012) [34]). 


1. Data collection—only adequate and relevant data is collected, it is not excessive in relation to stated 
purpose, and it is collected fairly, lawfully, and with the landholder's full knowledge and consent. 

2. Data quality—data is accurate and kept up-to-date. 

3. Purpose specification—at the time of collection, the data collector provides clear information about what 
data is being collected and for what purpose. 

4. Notice of rights—at the time of collection, the data collector provides clear information about their 
practices and policies, and the choices available to the landholder. 

5. Limited use—data is stored and used for specific and clearly defined purposes for no longer than 
is required. 

6. Data security—data is protected from risks (e.g., loss, unauthorized access) by reasonable 
security safeguards. 

7. Openness—there is a policy of openness about any changes made to the practices and policies with respect 
to data. 

8. Access—landholders are able to enquire and receive confirmation about what data, relating to them or 
their property, has been collected and is stored. 

9. Correction—landholders are able to challenge data relating to them or their property and, if incorrect, 
have the data erased, rectified or amended. 

10. Accountability—data controllers are accountable for complying with measures above and must ensure 
that the recipient agency or organization will protect the information in the same manner. 


The collection, management, and reporting of privately-owned data is a widespread challenge 
that has led to the development of privacy laws in at least 87 countries [34] and, most recently, 
the General Data Protection Regulation that became enforceable in the European Union in early 2018. 
Drawing from several regional agreements on data privacy from around the world, Greenleaf (2012) 
collated ten "global" principles for transparent data reporting [34]. The widespread geographic use of 
these principles thus makes them a useful starting point for considering fair and transparent reporting 
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processes regarding PPAs around the world. We present these ten principles (Box 1) as considerations 
for organizations involved in the collection, management, and reporting of PPA data (Figure 1). 
While these organizations generally have the power to influence procedural equity (which is the focus 
of many of the proposed principles), the intent is to account for recognitional and distributional equity 
through such procedures. 

It is imperative that transparency around PPA data procedures begins during discussions 
with landholders interested in establishing conservation agreements for their property and that 
this transparency is maintained for prospective buyers of properties already under a conservation 
agreement. The organization should ensure landholders are made aware of what information is 
to be collected, how it will be managed and distributed, by whom, and for what purposes (Pl-4; 
Box 1). In some contexts (e.g.. South Africa), national reporting is legally mandated and consent 
thus entails making landholders aware of their obligations. In other contexts, landholders may be 
able to decide what (if any) of their information is included in national databases. The process of 
obtaining consent should consider the recognitional aspects of equity (e.g., landholders' motivations 
and awareness of responsibilities) as well as distributional aspects (e.g., whether it is fair to provide 
landholders with options around data-sharing if public funds have been used to establish the PPA; 
Table 1). Irrespective of the context and nature of consent, organizations collecting and reporting PPA 
information need to have clear processes for ensuring landholders are made aware of their rights, 
obligations, and options. 

Transparency of data management practices and the security of the data collected are key 
considerations regarding PPA data reporting (P5-7; Box 1). Managers of PPA data need to be cognizant 
of the risks associated with sharing this data (distributional equity). These risks are likely to vary 
between different landholders (recognitional equity), and consideration should be given to how these 
risks can be mitigated through data-management processes. Data-protection policies suggest that 
data should be used only to fulfill the purposes of collection and other compatible purposes [34]. 
These purposes need to be made explicit, particularly regarding whether they justify conservation 
organizations sharing PPA information to national and international databases. In some instances, 
a tiered data management approach may be most appropriate whereby a broad set of relevant data 
could be collected by the conservation agency with the full consent of the landowner, with just a 
subset of this data then shared with the national government, to meet national reporting needs while 
protecting more sensitive data. The national government could share a subset of this data with WDPA 
to meet international reporting requirements. An initiative similar to the Indigenous and Community 
Conserved Areas (ICCA) registry could be developed for PPAs. The ICCA registry was initiated 
in response to data-reporting concerns by communities and enables the communities themselves to 
choose what data is made publicly available [57]. 

In addition to the organization's responsibilities towards data collection and security, 
landholders whose personal data has been collected should be able to enquire about, have access 
to, and ensure accuracy of that data (P8-10; Box 1). It is unclear to what extent landholders can 
currently access and correct their personal information in national and international databases. 
Finally, the organizations who are collecting and reporting this data—the first point of contact for the 
landholders—should be the ones accountable for complying with data sharing protocols, such as these 
ten principles, and should gain assurances from the recipient organizations about data accuracy and 
protection (Figure 1). 

We recognize that operationalizing these principles will have practical implications for conservation 
organizations, many of which are already operating in a resource-constrained environment. Given the 
diversity of PPA mechanisms and contexts, the implications of implementing these principles will 
vary but may, for example, require PPA programs to review the wording of their PPA agreements, 
data administration and security, current reporting procedures, and internal guidelines. Amongst this, 
programs will need to take into consideration a variety of issues, such as accommodating landholder 
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preferences in both existing and future PPA agreements and managing these as PPAs change ownership 
(Table 1). 

While these principles are presented for PPAs specifically, they are equally applicable for other 
effective area-based conservation measures (OECMs) on private land, which also contribute to global 
conservation targets [44]. Further, these principles are also worth considering in other conservation 
contexts that involve the public reporting of data pertaining to non-public stakeholders, such as carbon 
and biodiversity offset programs. Organizations that follow these principles would be well-placed 
to meet the WDPA requirements that data is shared "with the free, prior and informed consent 
of communities and/or indigenous peoples involved in the management, governance or ownership of 
the sites described in the dataset" [38] (p. 60). 

While we have focused largely on recommended procedures going forward, we are aware that in 
some jurisdictions, PPA data is already being reported at national and international levels without the 
express permission of the landholders. In line with the 2016 World Conservation Congress motion 
on PPAs [17], we stress that IUCN members and other organizations reporting PPA information to 
international databases should do so "in collaboration and agreement with the owners of such areas" 
and that the WDPA review PPAs already in the database to ensure such agreements are evident. We call 
on national governments, the WDPA, and PPA programs to work together to implement the principles 
outlined above to achieve equitable PPA reporting. 

5. Conclusions 

Considerations of equity are gaining increasing attention in conservation, including protected area 
establishment and management [58]. Here we have illustrated that such considerations need to extend 
to protected area data reporting processes when private landholders are involved. It is important 
to consider procedural, distributional, and recognitional dimensions of equity, including questions 
of landholder consent regarding data-sharing, the distribution of costs and benefits of data-sharing 
between private individuals and the public good, and recognition of diverse landholder motivations 
and tenure arrangements (Table 1). We have offered a set of ten broad principles to help organizations 
navigate the complexity and context-dependency of equity considerations for PPA data reporting 
(Box 1). With the growing number and extent of PPAs around the world, there is increasing recognition 
that conservation planning, management, monitoring, and evaluation would greatly benefit from the 
inclusion of these privately-owned properties. Wherever the reporting of PPA data is required, 
and deemed appropriate, we stress the importance of providing fair and transparent reporting 
processes. This will facilitate effective and integrated conservation efforts and rigorous assessments of 
progress at national and international levels. 
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Abstract: Small protected areas dominate some databases and are common features of landscapes, 
yet their accumulated contributions to biodiversity conservation are not well known. Small areas 
may contribute to global biodiversity conservation through matrix habitat improvement, connectivity, 
and preservation of localized ecosystems, but there is relatively little literature regarding this. 
We review one database showing that the average size of nearly 200,000 protected areas in the 
United States is -2000 ha and the median is -20 ha, and that small areas are by far the most frequent. 
Overall, 95% and 49% of the records are less than the mean (1648 ha) and median (16 ha), respectively. 
We show that small areas are prevalent features of landscapes, and review literature suggesting how 
they should be studied and managed at multiple scales. Applying systematic conservation planning 
in a spatially hierarchical manner has been suggested by others and could help insure that small, 
local projects contribute to global goals. However, there are data and financial limitations. While some 
local groups practice ecosystem management and conservation planning, they will likely continue to 
protect what is "near and dear" and meet site-based goals unless there is better coordination and 
sharing of resources by larger organizations. 

Keywords: conservation landscapes; scale of assessment; conservation planning 


1. Introduction 

There is wide agreement that the biodiversity crisis is best met with a carefully planned system 
of large conservation areas within well-connected networks [1]. However, humanity did not act in a 
concerted, globally-minded fashion to produce a functional system that protects biodiversity. Rather, 
what exists on the landscape is a distribution of conserved parcels with histories related as much to 
aesthetics and socioeconomic convenience as to systematic scientific goals [2,3]. 

There has been much research examining the effectiveness of the protected areas' estate. 
There is a preponderance of literature concluding that protected areas' coverage is inadequate, 
spatial distributions are biased, edge effects are eroding interior conditions, and that there is poor 
governance resulting in alienation of local human populations [4—6]. There is less understanding of 
how these negative conditions might be ameliorated by very local actions, resulting in a matrix of 
improved landscape conditions and more engaged conservation constituents [7,8]. An area of research 
that needs attention is the landscape-level function and roles played by the plethora of very small 
protected areas, although marine protected areas have received more attention [9], In fact, there is 
little descriptive information revealing the dominance by frequency across the land surface of small 
areas. To that end, we will briefly review one dataset—the Protected Areas Database of the United 
States—as to size distributions, and then discuss broader conservation issues concerning small areas. 
Throughout, we make recommendations for further research. 

The Protected Areas Database of the United States V1.4 (PADUS) has 194,518 parcels 
for the continental US, including designations as local as county parks and conservation 
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easements, as well as large national parks and forests [10]. The PADUS is maintained by 
the United States Geological Survey's National Gap Analysis Project in order to organize and 
assess the management status of elements of biodiversity projection, i.e., "protected areas". 
The database includes all known public areas and voluntarily provided, private protected areas 
(e.g., conservation easements). The PADUS has versions between 2005 and 2016, currently at VI.4 
(https:/ / gapanalysis.usgs.gov/padus/data/metadata/). 

We derived simple summary statistics of the PADUS area attributes and displayed them. 
The median area of parcels in the PADUS was 16 ha, the mean was 1648 ha (SD = 33,207.1), 
and the frequency distribution is skewed strongly right (Figure 1). Small areas were nonuniformly 
distributed but present in every major ecoregion (Figure 2). There are 95,116 parcels <16 ha and 
185,751 <1648 ha in size, representing 49% and 95% of the count, respectively. However much they 
dominated by count, the smallest areas (<16 ha) and those <1648 ha represented 0.13% and 4% of the 
total area, respectively. Acknowledging possible errors of omission and commission in the dataset 
(see below), these descriptive analyses serve to illustrate the point that while the area covered is 
dominated by largeness, by number, most areas are not large. This presents unique research and 
management problems. 
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Figure 1. Frequency distribution of protected area parcel sizes in the United States. The x axis is 
truncated at 2000 ha in order to show the distribution on the y axis without transforming the data. Bin 
count is 10 ha. Bars represent the percentage of total records smaller than the mean (95%) and median 
areas (49%). R version 3.4.2. 


As noted in their metadata, PADUS is subject to errors of omission and commission. Some of the 
errors they report are due to overlap—topology—and they mention "slivers" specifically. We observed 
that some of the smallest polygons in the dataset were geoprocessing artifacts, including slivers [11]. 
These were typically very small, but the smallest records in the PADUS were a relatively minor portion. 
For example, 2.4% are <0.1 ha in size. On the other hand, many very small polygons are legitimate 
conserved parcels. Many records (27,338 or 14.1%) were less than 1 ha and distinct parcels, as illustrated 
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in Figure 3. While many of the small records have attributes indicating they are conservation easements 
or small parks, others may not be real or their spatial attributes may be inaccurate; investigating the 
characteristics of these parcels is an important research question, because while most are conserved 
areas, others may have inaccurate spatial information and influence the size distribution. Another 
source of error could be lack of clarity over what constitutes a separate protected area in an ownership 
sense, as distinct from a polygon sense. For example, the database has some records that are split 
polygons, so that one continuous protected area is represented by two records. 



Legend 


Protected areas < 16 ha 
I I Continental United States 
I I Level II Ecoregions of North America 


Figure 2. Small protected areas distributed across the continental United States. Shown in green on 
the map are the protected areas <16 ha, which is the median parcel size for the area shown. Data from 
PADUS V1.4 Combined Feature Class. QGIS V3.2. 



Figure 3. A portion of Cape Cod, USA, showing extremely small conserved parcels <1 ha, in yellow, in a 
matrix of slightly larger projects typical of those discussed in this paper. A selection of parcels is labeled 
to show the types of conservation lands in this landscape. Even the <1 ha areas have "conservation" 
designations in the database, i.e., are not data anomalies. To what extent small protected areas perform 
landscape-level biodiversity functions is largely unknown. QGIS V 3.2. 
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The PADUS is a massive undertaking managing hundreds of thousands of polygons generated 
by a plethora of sources, and errors are to be expected. The PADUS metadata states that the project 
reports spatial data as they are received. A thorough study of the PADUS should quantify the extent of 
errors, how they may influence analyses, compare representation of small areas in the PADUS with 
other protected areas datasets such as the World Database on Protected Areas (WDPA), and investigate 
spatial and designation rules for how distinct protected areas are defined. 

Since the PADUS is built from contributions from states and others who keep public land records, 
and relies on voluntary submission for private areas, it is probably incomplete. There is evidence that 
it disproportionately underrepresents smaller parcels. The National Conservation Easement Database 
(NCED 2018) has more conservation easements recorded for the Continental US than does PADUS. 
NCED contains over 158,168 records, while in the continental PADUS, only 54,590 are categorized 
as easements. According to its documents, the NCED itself is incomplete. It relies on voluntary 
submission by land trusts, many of whom do not want to share to a large public database due to 
privacy and other concerns [12]. More research is needed on the structure of datasets that serve spatial 
data on protected areas in regards to smaller areas, and errors of commission and omission, before a 
firm knowledge of size distribution of protected areas can be obtained, and this needs to be undertaken 
on a global scale [13]. 

2. What Is "Small"? 

For this review, we consider "small" based on the observed distribution in the PADUS. A "small 
protected area" is at the lower end of the range, between 16 ha (the US median) and 1648 ha (the US 
mean) in size. By this definition, then, small areas would be from tens to hundreds of hectares in size, 
rather than thousands of hectares. Areas in the range of tens to hundreds of hectares are often the 
focus of local conservation projects (Figures 3 and 4). 



Figure 4. A landscape in South Carolina, USA showing small conservation lands within two 
overlapping planning projects, an International Biosphere Reserve, and the COWASEE Basin Task 
Force. Conservation actions within these areas are coordinated to meet landscape-level objectives. 
QGIS V3.2. 


Figure 4 shows the Congaree-Wateree River region of South Carolina, USA. Numerous conserved 
parcels ranging from 4 to 6179 ha in size are represented, established by public and private entities for 
conservation purposes. Also shown are two overlapping planning areas illustrating landscape context 
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as mentioned below. This is an example of a landscape in which there are many small protected areas, 
and in which ecosystem management and systematic conservation planning are practiced, to a degree. 

3. Potential Importance of Small Areas 

Considerable cost is incurred in establishing and managing small protected areas [14]. Aside from 
their sheer number and costs of acquisition, smaller areas may cost more to manage than larger 
ones due to the challenges of having management tasks distributed. On the other hand, smaller 
areas arise from local concerns and may serve local purposes better than larger, more distant 
areas. Small parks and private conserved lands are typically generated and managed at the local 
scale—as in counties, states, cities, land trusts, landowners, and indigenous people. These include 
the bulk of conservation easements, local parks, historical and archaeological sites, private reserves, 
wildlife refuges, and community forests [15,16]. One drawback is that some would not be considered by 
international bodies to be areas whose primary purpose is biodiversity conservation. If they maintain 
natural land cover and are unable to be developed, they nonetheless function to exclude conversion 
to development. Furthermore, they often have specific conservation goals, and these include those 
related to biodiversity [17,18]. 

Despite their prevalence and potential benefit, there is very little known about how smaller 
protected areas function to provide biodiversity protection that may complement large, public protected 
areas and help address global issues [19,20]. The abundance of small protected areas—at least in 
the continental United States—underscores the need for a better understanding of their collective 
and individual function and how future conservation efforts may be oriented towards achieving 
larger landscape goals. Unfortunately, the literature on these issues is not robust. Much research on 
small protected areas remains to be done and applied to conservation planning, design, acquisition, 
and management. 

4. Landscape-Level Views of Small Areas 

A large body of literature shows that as islands of habitat become smaller and more isolated, 
they lose local populations of species [21]. Parks and protected areas, when fragments of larger 
once-connected landscapes, follow these island-biogeographic trends [22], Ecological isolation 
increases if the conserved area is in a matrix of intensive land uses decreasing permeability and 
dispersal opportunities and increasing edge penetration to the core [6]. As a consequence, smaller 
areas in human-dominated matrices with intensive land uses are expected to have reduced biodiversity 
conservation function than larger, more well-connected areas. 

As a whole, perhaps because of the importance of large size, the literature on protected areas 
is focused on those that are the largest. For example, globally protected areas are biased towards 
locations where they will have the least effect of reducing land conversion [4], That study, and many 
others like it, investigate the coarse-scale pattern using minimum grain sizes of 1 km 2 or greater. 
The number and types of studies focusing on the smallest areas appears to be increasing, and the 
potential importance of grassroots conservation, private land, and multiscale conservation becomes 
more evident [23]. In the United States, the rapid increase in the number of conservation easements 
has given rise to studies of their effectiveness [19,24]. There are many state and county parks which 
may provide meaningful habitat protection. For example, the life histories of some wetland animals 
may be accommodated by protected areas considered to be small, as in state parks in the hundreds 
of hectares range [25]. Others have focused on how the scale of conservation can fit the scale of the 
ecosystem, community, policy environment, or process of concern [26]. Vernal pool systems in the 
Northeastern United States may be significantly protected by local conservation actions [27]. In some 
parts of the world, community-owned and managed forests are localized socioecological systems that 
may have greater conservation outcomes and more local support than traditional protected areas [15]. 

Studies focused on how populations and communities function across time and space provide 
insight into how small protected areas may function and how their internal processes may be influenced 
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by events occurring outside their boundaries. Populations and communities are not isolated in space; 
conditions at a varying distances can influence response variables such as occupancy, population size, 
and community composition and structure at a site [28,29]. Dispersal and migration are common foci 
of these studies, as they are mechanisms connecting populations, and can provide insight into how 
to design conservation landscapes. Some of these movements, such as for reptiles and amphibians, 
are highly local in scale (e.g., hundreds of meters), yet still require landscape-level thinking for 
conservation purposes [30]. In fact, using landscape-level analyses to configure habitats in conservation 
plans at local scales for pond-breeding amphibians has been a productive area of research [31,32]. 
Small protected areas may be important for climate change adaptation, such as when considering the 
need to provide habitats during range shifts through human-dominated landscapes [33]. 

Studies that incorporate multiple spatial scales may help a manager of a small parcel to understand 
how the management of adjacent properties within specified distances influences conditions observed 
at the site. For example, forest cover is important at certain thresholds and distances [34], loss of 
wetland density at landscape scales influences local diversity [35], butterfly metapopulations depend 
on a spatially and temporally dynamic system of habitat patches [36], and turtles follow an array of 
routes over large areas and are strongly influenced by road traffic within that landscape [37]. A small 
reserve may have wildlife populations that may be perceived as resident, but routinely exchange 
wildlife with surrounding properties. 

Some small protected areas serve very specific and well-known functions in a process that covers 
a much larger area. For example, bird migratory stopovers and seabird breeding sites are very 
spatially specific, and small protected areas have been established to cover those functions. Cape May, 
New Jersey, is a place where waterfowl, raptors, shorebirds, and songbirds congregate during spring 
migration [38]. Cape May National Wildlife Refuge is about 4900 ha in size and is a key location in the 
Atlantic Flyway. L'ile Bonaventure-et-du-Rocher Perce in eastern Canada was protected in 1919 as a 
1361-ha Migratory Bird Sanctuary, hosting thousands of breeding pairs of seabirds, including about 
half of the Northern Gannets breeding in the Atlantic [39], The Western Hemisphere Shorebird Reserve 
Network has collated information on 102 locations with sizes ranging from several hundred to tens of 
thousands of hectares from the tip of South America to Alaska, and provides scientific resources to aid 
in their conservation (https:/ /www.whsrn.org/). 

When small protected areas are embedded in human-dominated landscapes, they are more 
susceptible to ecological isolation than larger protected areas in those same areas. Urbanization 
creeps out from metropolitan areas and causes rural lands to transition to higher density residential 
landscapes with attendant roads, industries, and services [40]. Land values rise during this process, 
and while there may be more funds and incentives available for conservation deals on private land, 
these deals are competing with the real estate market [41]. Consequently, most land transitions in 
the United States are from rural to residential, resulting in the increased isolation of the remaining 
natural lands. At the same time, small conservation areas embedded in urbanizing areas may provide 
disproportionately high conservation values [42] and benefits for human health and wellbeing [43]. 

5. Ecosystem Management for Small Areas 

Ecosystem management is a way of organizing thinking about individual protected areas 
and private parcels in relation to the spatial and temporal scales at which ecosystem processes 
occur, as opposed to within political or jurisdictional boundaries. Its management roots were in 
the Pacific Northwest in the late 20th century, where there were significant endangered species 
management issues and social conflicts resulted [44], Accommodating dispersal, gene flow, disturbance, 
migration, and other ecological processes requires working across management units, ownerships, 
and jurisdictions. For example, conserving migratory movements of ungulates may be dependent on 
highly localized natural features that occur outside protected areas, practices of landowners such as 
fencing, differing game laws across political boundaries, and departments of transportation who are 
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responsible for wildlife underpasses and overpasses [45,46]. Such tasks will be more challenging in 
landscapes where there are lots of smaller areas. 

Natural disturbance regimes help to maintain biological diversity, but are difficult to manage 
across boundaries of protected areas [47], Managing a landscape-level disturbance, such as fire, is a 
challenge for protected areas as neighboring landowners are influenced. Because of perimeter-to-area 
ratios, such boundary-related tasks will be more difficult the smaller the protected area is. Nonetheless, 
fire management is frequently practiced on small reserves. For example, even in the urban setting of 
the Hitchcock Woods in South Carolina (850 ha), the longleaf pine systems are maintained by repeated 
burning. Much education is undertaken with local residents. However, knowledge of how to manage 
fire in local socioeconomic systems is rarely published [48]. Thus, there is much more knowledge 
available than is in present in the scientific literature and can be accessed via websites, workshops, 
and so on. Smaller protected areas may be vulnerable to large disturbances, as a hurricane or pathogen 
could wipe out a large percentage of its contents. For example, old growth forests on a 2180-ha portion 
of the Cape Romain National Wildlife Refuge in South Carolina were decimated—for one pine species, 
almost total losses—after Hurricane Hugo in 1989 [49], The smaller the protected area, the more likely 
a single disturbance event will change the entire ecosystem. If this happens to a small protected area 
that is isolated by development, problems are compounded. 

Ecosystem management may be more important for smaller protected areas due to their isolation 
and abundance and complexities of ownerships. A landscape with many protected areas with 
different managers and owners is a challenge in cross-boundary cooperation [50]. For one thing, 
smaller areas are more likely to have ecological processes that transcend boundaries. One approach to 
cooperation, examined for two very small parcels, was to identify the owners responsible for landscape 
features important to ecosystem function, and then develop a plan for the neighbors to accommodate 
movements of animals using habitats on each parcel. Such an approach required mutual understanding 
of the ecological and conservation issues and agreement on values [51]. Another example is the 
Southern Low Country ACE Basin longleaf partnership that manages the longleaf system which 
involves frequent burning (https://www.longleafalliance.org/soloace). 

The region shown in Figure 4 has two overlapping planning areas: an International Biosphere 
Reserve and a landscape-level alliance or Task Force. Both planning areas share members, for example, 
from the National Park Service, Congaree Land Trust, and state agencies. The idea is to increase 
cooperation to achieve landscape-level conservation goals. The hope is that even though the protected 
areas are small, their collective impact may be increased by better management of un-conserved 
lands, while preserving local resource-based economies. Similarly, community conserved areas (CCAs) 
are a global phenomenon that provide biodiversity services while satisfying the needs of local and 
indigenous peoples. They are not very well understood in terms of their overall contributions to 
biodiversity conservation, but due to their extensive coverage (as much as 11% of global forests), are an 
example of how relatively small, local projects can accumulate effects [52]. These approaches can be 
facilitated by landscape-level cooperatives and alliances, especially if they respect human dimensions. 
For example, in governance of conservation networks, recognizing and trading leadership roles based 
on what is needed to accomplish particular goals is better than traditional, top-down management [53]. 

6. Systematic Conservation Planning for Small Areas 

Systematic conservation planning is a rapidly growing field in spatial ecology that attempts 
to allocate conservation actions across the landscape based on patterns of representation, size and 
configuration, and threat [54], Systematic conservation planning uses spatial datasets in complex, 
mathematically-driven layering operations to identify which parts of the landscape meet conservation 
goals. Many spatially extensive analyses and localized projects have been completed, such as that 
presented in [55]. One of the weaknesses of conservation planning is the lack of relevance to local 
decision-making when there is a mismatch between grain size and data quality and the scale at which 
decision-makers need information [56,57]. 
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Local conservationists seeking to prioritize small parcels may not be able to develop models 
comparable to those produced at greater spatial extents. Spatial data is often less available at the fine 
grain sizes relevant to local conservation than at the coarse grain sizes relevant for large-landscape 
projects, resulting in maps and models for systematic planning that show broad patterns, but are 
less relevant locally. Biodiversity data may consist of points with high accuracy, but the coverage of 
points is often nonuniform and biased towards survey routes or other observation patterns. Resulting 
species distribution maps, which are often the basis for conservation plans, are influenced by these data 
limitations [58]. Smaller conservation organizations often do not have the technical capacity or funding 
to invest in new, fine-grain data for spatial planning. Even if they engage in systematic conservation 
planning, and many do, they are forced to use coarser-grain data. Grain size and extent of analysis 
can influence model results, resulting in locations prioritized for conservation that are influenced by 
the accuracy of the data [59]. Resolving questions of scale is an important area of research if spatial 
conservation planning is to be relevant for the smallest protected areas. 

Despite these challenges, systematic conservation planning has the potential to greatly 
improve the biodiversity impact of new small protected areas. Until the advent of these methods, 
many conservation projects were focused on protecting single populations of rare and endemic 
plants and particular ecosystems (e.g., cliffs and caves), regardless of spatial context. The Nature 
Conservancy is one of the largest private conservation organizations in the world. It is a leader in 
conservation planning, yet has numerous smaller reserves in the US that represent an occurrence of a 
rare species or important localized ecosystem. Their Places We Protect website provides background 
information on these, for example, the 202-ha Loverens Mill Cedar Swamp in New Hampshire (https: 
//www.nature.org/en-us/get-involved/how-to-help/places-we-protect/). The Nature Conservancy 
was a leader in forming the field of systematic conservation planning, attempting to "scale up" from 
their site-based approach to larger and more connected areas [60]. Their approach now integrates 
the small, important sites with landscape-level patterns and processes, focused on resilience to 
climate change [61]. 

Given the preponderance of small protected areas, those engaged in systematic conservation 
planning may need to be more focused on how to improve site selection at the local scale. It appears 
that at least in some areas of the United States, land trusts and others in conservation are protecting 
many areas that are close to where they live and work [20]. It is unclear to what degree these decisions 
are being driven by spatial conservation priorities, or by opportunities and aesthetics, and local 
knowledge about site conditions. 

Initiating more systematic conservation planning at local scales for small areas will necessitate 
better databases that are more fine-scale. Since land use and land cover data are the basis of most 
conservation planning models, developing more localized land cover data should be a top priority [62]. 
Fine-scale biodiversity data can be improved through USGS GAP species distribution models, 
the Global Biodiversity Information Facility (GBIF), and proprietary sources such as NatureServe. 
As stated earlier, more complete representation of very small areas in protected areas databases 
including PADUS, NCED, and the World Database on Protected Areas (WDPA) will help. 

Local land use decision-making usually occurs in the context of development, but conservation 
planners can get involved and bring biodiversity concerns into that context [63]. Such planning 
projects should be done within a spatially hierarchical framework (e.g., landscapes-ecoregions), 
so that what is accomplished locally will have relevance when viewed in greater spatial contexts. 
Larger regional analyses may point to localities that have biodiversity importance at an ecoregional 
level (e.g., species geographic ranges, across climate gradients, and large land use transitions). 
Within those localities prioritized as being important at a coarser-grain level, local conservation 
groups should plan using finer-grained data. Funding agencies should recognize that planning and 
data development require support at every scale. 


94 


Land 2018, 7,123 


7. Summary 

More research is needed on the spatial distribution and landscape-level functions of small 
protected areas. At least in the United States, small areas dominate the frequency distribution and 
may have greater collective impact on conservation than their individual sizes suggest. Larger areas 
still account for most of the coverage, but their function may be enhanced by a matrix-improving 
impact of small sites, which may also serve to represent localized natural phenomena. Scattered across 
the landscape at varying densities, small areas may provide landscape-level functions that enhance 
biodiversity conservation. Better landscape-level management and planning at local scales could 
improve their current function and spatial distribution of additional areas. Datasets are incomplete 
and may have inaccuracies, so should be improved so that the above hypotheses may be tested. 

Considerable effort is expended to protect and manage small areas, but not enough is known 
about how they contribute to global biodiversity goals. Even the smallest protected areas may 
protect localized ecosystems, collectively improve landscape-level conditions such as permeability and 
matrix quality, and may be important to human community health and wellbeing. While systematic 
conservation planning has made great scientific strides and is being applied at most scales, 
data availability and accuracy, financial restrictions, and lack of access to technology may limit 
its application to small projects. More research and data development are needed to ensure that the 
cumulative effect of small areas is a net gain for global biodiversity conservation. 

7.1. Recommendations for Research 

• Examine effects of small protected areas on landscape-level patterns and processes, including 
local representation of regional diversity, improvement of matrix quality, metapopulation and 
community services, stopover sites, and network centrality. 

• Examine protected areas dataset completeness and topology errors for small areas. 

• Develop fine-grain biological and economic data to be used in local-scale systematic 
conservation planning. 

• Examine social and economic barriers that keep partners who own, manage, or monitor small 
protected areas—e.g., land trusts, local governments, indigenous peoples—from participating in 
larger landscape efforts. 

• Conduct economic research on contributions of small areas to ecosystem services, including water 
purification and supply, biodiversity, and flood storage. 

• Research how small protected areas may contribute to resiliency following large-scale disturbances 
and contribute to climate change adaptation. 

• Examine role of small protected areas in local communities and how they contribute to social, 
physical, and psychological health and wellbeing. 

7.2. Recommendations for Management 

• Manage for ecosystem processes such as dispersal and disturbance that extend outside 
property boundaries. 

• Identify the neighboring landowners that accommodate ecosystem processes influencing the site; 
collaborate across boundaries. 

• Provide mapped data on small areas to public databases so it can be used in conservation planning. 

• Contribute time and resources to protecting other parcels in your landscape to form 
functional networks. 

• Participate in watershed-level activities to enhance water quality. 

• Participate in large landscape efforts to restore natural disturbance regimes. 

• Scale up: represent the locality in larger landscape conservation efforts. 

• Educate stakeholders about the importance of participating in larger efforts. 
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Abstract: Tiger numbers have collapsed so dramatically that conservationists are adopting a strategy 
of securing populations in priority conservation landscapes. This includes improving management 
effectiveness in these sites. The Conservation Assured I Tiger Standards (CA I TS) are designed to 
help ensure effectiveness and provide a benchmark against which to measure progress. CA I TS is 
a distillation of best practice and a roadmap to management effectiveness, linking management to 
expert-driven standards covering all aspects of management, including those which are tiger-specific 
(monitoring, maintenance of prey, control of poaching). Sites are audited against a set of standards and 
if met, are accredited as CA I TS Approved. We describe CA I TS in the context of tiger conservation, 
describe the evolution and philosophy of the system and consider its application across the tiger 
range, before drawing on lessons learned from 5 years of development. Important benefits include the 
independence of CA I TS from existing governmental or NGO institutions, the emphasis on regional 
governance and the existence of active support groups. Conversely, the participatory approach has 
slowed implementation. CA I TS remains more attractive to well managed sites than to sites that are 
struggling, although building capacity in the latter is its key aim. The close connections between 
people working on tiger conservation make some aspects of independent assessment challenging. 
Finally, if CA I TS is to succeed in its long term aims, it needs to go hand in hand with secure and 
adequate funding to increase management capacity in many tiger conservation areas. 

Keywords: Tiger; conservation standards; protected area management; management effectiveness; 
accreditation; conservation assured 


1. Introduction 

Global tiger (Panthera tigris) population size has fallen by over 95% since the turn of the 20th 

century—down from perhaps 100,000 to roughly 3900 individuals (Wolf and Ripple, 2017) [1]. 

Furthermore, tigers have lost over 93% of their historic range (Walston et al., 2010) [2]. There are 

now only 13 recognised Tiger Range Countries (TRCs: Bangladesh, Bhutan, Cambodia, China, India, 

Indonesia, Lao PDR, Malaysia, Myanmar, Nepal, Russia, Thailand, and Vietnam), of which only 10 
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still have wild tiger populations (WWF, 2015 [3], see Figure 1). Many other countries that formerly 
held tigers, such as South Korea and Kazakhstan, have lost their populations altogether. Tigers have 
been all but driven to extinction by poaching, illegal trade (Stoner and Pervushina, 2013) [4], habitat 
fragmentation, deforestation and diminishing prey (Damania et al., 2008) [5]. 


Extant population: Areas 
with confirmed tiger 

the last to years. 


IUCN2014. The IUCNRed List of 

www.iucnredlist.org. Downloaded on 




Tiger range countries 
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2 Bhutan 
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6 Indonesia 
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8 Malaysia 

9 Myanmar 
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12 Thailand 

13 Vietnam 


Figure 1 . Distribution Range Wild Tigers. 

In response to a serious threat of extinction of wild tigers, in 2010 the conservation community 
committed to doubling the global wild tiger population by 2022 (known as TX2) at a major 'tiger 
summit' in St. Petersburg (Global Tiger Initiative, 2010) [6]. This global goal was supported by all 13 
TRCs and a global political infrastructure was established to coordinate and monitor action towards 
this goal. Many governments, donors and non-governmental organisations committed additional 
funds and personnel to focus on tiger conservation, such as German support for the Integrated Tiger 
Habitat Conservation Programme (Roy et al., 2016) [7], and there were high profile statements of 
support from global leaders. 

Tigers require large areas of forest to survive. Historically, conservation strategies have focused 
on the designation of protected areas. There is clear evidence that site protection should remain 
the cornerstone of conservation for the vast majority of threatened amphibians, reptiles, birds and 
mammals. Quantitative analysis provides strong evidence that well-managed protected areas are an 
effective method of site protection (Geldmann et al., 2018) [8]. In the face of a worsening conservation 
status for tigers, an identified priority action is to secure stable tiger populations within identified 
protected areas, as a source of landscape-scale expansion (Walston et al., 2010) [2]. 
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However, designation of protected areas alone is not enough. Global analysis has shown that 
many protected areas are currently not effectively managed (Leverington et al., 2010) [9], and the 
problem of 'paper parks' is well noted (e.g., Brun et al., 2015) [10]. Recent research confirms many 
management shortcomings in tiger conservation areas (Conservation Assured, 2018) [11-13]. 

Therefore, although the number of tiger conservation areas (TCAs) has increased over the past 
few years, a commensurate increase in tiger population will only occur if TCAs attain effective 
management. Concrete, measurable steps to improve management effectiveness in tiger reserves are a 
critical component of tiger conservation strategies. In turn, there is need for clear guidance on how 
best to manage tigers, address wider issues such as human-wildlife conflict, and develop agreed ways 
of verifying the effectiveness of tiger conservation. 

In this paper, we discuss a set of verifiable management standards known as Conservation 
Assured I Tiger Standards (CA I TS). We examine how these differ from existing management 
effectiveness evaluation (MEE) processes, the development and application of CA I TS, application to 
date, lessons learned, and the scope for widening the approach. 

2. Moving from Management Effectiveness to Management Standards 

Over the last 20 years, our understanding of what constitutes good management of protected 
areas has increased considerably. More than 40 management effectiveness (MEE) data collection tools 
have been developed. These have been based largely on principles from the IUCN World Commission 
for Protected Areas. Hockings et al. (2006) [14] describe the mechanisms and rationale for MEE, along 
with many of the methods used world-wide. By 2013, the date of the last global survey, the IUCN 
Protected Area Management Effectiveness database held over 10,000 records and 90 countries had met 
the Convention on Biological Diversity (CBD) 2010 target of carrying out MEE in at least 30 per cent of 
their protected areas (Coad et al., 2013) [15]. An MEE system has also been developed explicitly for 
tiger protected areas in India called the MEETR—Management Effective Evaluation for Tiger Reserves 
(Mathur et al., 2014) [16]. 

MEE tools identify when things are going wrong, but they do not necessarily provide concrete 
steps for improvement, nor do they set standards against which to measure results and document 
change. The CBD identified the need for such standards in its 2004 Programme of Work on Protected 
Areas (CBD, 2004) [17], Standards can, among other things, define key terminology; determine which 
data, methods and approaches are most favourable; and specify monitoring needs and the reporting 
format. They provide clear guidance on minimum requirements for effective management. There is 
good evidence that standards improve adoption of best practices, learning, performance-based awards, 
and the quality of results (Polasky, 2015) [18]. Standards also help donors to assess if investments 
are used effectively (Ferraro and Patanayak, 2006; McCarthy, 2012) [19,20]; for both institutional and 
private donors (Bennett et al., 2015) [21]. 

MEE tools, although useful for evaluating management objectives, offer less in terms of measuring 
management against best practice. CA I TS was designed to fill this gap and to provide species-specific 
conservation standards to help drive and measure progress towards improved tiger conservation 
(Conservation Assured, 2018a) [12], It does not replace existing MEE tools; indeed, the implementation 
of site-based MEE is one of the standards of management included within the broader aims of CA I TS. 

3. Methods 

CA I TS was developed after an exhaustive literature review and stakeholders' consultation 
including protected area managers in TRCs and tiger experts from around the world. The approach 
drew from experience with establishing voluntary certification systems for natural resources such as 
food and timber, but went considerably further in terms of setting detailed standards for management. 
Standards were developed in accordance with the ISEAL Principles for Credible and Effective 
Sustainability Standards Systems (ISEAL, 2013) [22]. Workshops were conducted in India, Nepal, 
Bhutan and Malaysia, to draw up and refine the draft standards, which were field-tested and subject 
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to further review. The system was designed to have applicability across all TRCs, covering varied 
geographical, cultural and ecological needs. The CA I TS standards are reviewed periodically as best 
practice evolves. 

Governance (see Figure 2) begins with a broad CA I TS Partnership, which includes tiger and 
conservation management experts from around the world. An International Executive Committee 
ensures good governance and equivalence of implementation across TRCs. CA I TS functions through 
National Committees comprising government, NGO, experts and academic representatives, ideally 
embedded within an existing policy and institutional framework. The CA I TS Council brings 
representatives from National Committees together to share experiences; and is represented on the 
International Executive Committee. The CA I TS management team ensures technical and financial 
viability and the CA I TS support group (a wide range of non-governmental and intergovernmental 
organizations) provides support to TRCs undertaking CA I TS. 



Figure 2. Conservation Assured I Tiger Standards (CA I TS) management structure. 

CA I TS has a hierarchical structure; seven 'pillars' covering different management issues, 17 
elements (see Figure 3), subdivided into standards, for which criteria have been laid down (management 
actions required and a list of actions taken). For each standard, four values have been provided 
for reporting on compliance: Standard exceeded, standard achieved, standard mainly achieved and 
standard not achieved. 

Protected areas and other tiger conservation areas first become CA I TS Registered and then go 
through an accreditation process to judge whether they meet CA I TS Approved status. CA I TS 
Registration demonstrates commitment to achieve best practice and identifies gaps in current 
management, providing a strategy for managers and a clear indication of needs to donors and potential 
supporters. For some sites CA I TS Registration may initiate a several year process of management 
intervention and improvement to reach the CA I TS Approved status; in these cases, the standards and 
criteria can be used as a gap analysis and planning tool to identify management actions which need to 
be put into place to reach Approved status. 
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PILLAR 

ELEMENT 

CONSERVATION ASSURED 


K3 IMPORTANCE AND STATUS 

1. Social, cultural and biological significance 

2. Area design 

3. Legal status, regulation and compliance 


S— /) MANAGEMENT 

—If 

4. Management planning 

5. Management plan/system implementation 

6. Management processes 

7. Staffing (full-time and part-time) 

8. Infrastructure, equipment and facilities 

9. Sustainability of financial resources 

10. Adaptive management (feedback loop) 

COMMUNITY 

11. Human-wildlife conflict (HWC) 

12. Community relations 

13. Stakeholder relationships 

1 

| TOURISM 

14. Tourism and interpretation 

Note: this standard is only applicable for areas with 
major tourism objectives 


||j PROTECTION 

15. Protection 

TIGER STANDARDS 

HABITAT MANAGEMENT 

16. Habitatand prey management 

TIGER POPULATIONS 

17. Tiger populations 


Figure 3. CA [ TS pillars and elements. 


The CA I TS assessment is an iterative process which starts with a manager's self-assessment of 
the site against the CA I TS standards and criteria. The assessment is then reviewed and refined by 
the National Committee. An independent reviewer also reviews the entire CA I TS process before a 
final decision on status is made. Once the national process is complete and the National Committee 
recommends that a site has reached CA I TS Approved status, the International Executive Committee 
provides a final check to ensure parity between countries. Training is provided for all those taking part 
in CA I TS to ensure effective and consistent application. Approval lasts for 3 years, when a streamlined 
review process takes place. If there are significant changes in management or circumstances the 
area may need to update and resubmit its dossier to the National Committee and International 
Executive Committee. 

4. Results 

Since its launch, CA I TS has achieved broad-based support and obtained commitment to 
implement from all TRCs. Presently it is being implemented across 60 sites in seven TRCs (Bhutan, 
Bangladesh, China, India, Malaysia, Nepal and Russia), where National Committees have been 
established. Three sites have attained CA I TS Approved status (Chitwan National Park, Nepal, 
Sikhote-Alin Nature Reserve, Russia and Lansdowne Forest Division, India) and currently (as of June 
2018) 18 dossiers are pending final approval. CA I TS has also been used for assessing the readiness of 
tiger reintroduction in Cambodia (Gray, et al., 2017) [23]. 
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CAITS can also measure progress in implementing international conventions, multilateral treaties, 
global initiatives and national conservation plans (Conservation Assured, 2014) [24], CAITS is 
partnered with IUCN's Green List of Protected and Conserved Areas, an initiative to identify and 
promote protected areas reaching excellent standards of management (IUCN 2013) [25]. It will help 
governments and their partners to meet the CBD's Strategic Plan for Biodiversity, particularly Targets 
11,12, (Strategic Goal C: To improve the status of biodiversity by safeguarding ecosystems, species and 
genetic diversity); 14 (Strategic Goal D: Enhance the benefits to all from biodiversity and ecosystem 
services) and 19 (Strategic Goal E: Enhance implementation through participatory planning, knowledge 
management and capacity building). Within the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), CA I TS helps state parties to fulfil commitments under 
16.68(b) to 'provide information on incidents of poaching' (CITES, 2016) [26]. It also helps to evaluate 
anti-poaching plans, to fulfil the 'Zero Poaching Initiative' approach, formally endorsed in the most 
recent CITES Conference of Parties (Decision 17.225). 

5. Experience with Existing CA I TS Approved Sites 

As noted above, three sites have so far been awarded the CA I TS Approved status. Each site is 
unique and this variety has helped the CA I TS Partnership learn more about the CA I TS approach. A 
summary of the assessment and findings is given for each site below. 

Nepal: Nepal has been actively engaged in the development of CA I TS from the beginning and 
nominated the first site to be CA I TS Registered. The assessment of Chitwan National Park (CNP) 
for CA I TS was conducted in 2013/2014 and was facilitated by WWF Nepal and the Department of 
National Parks & Wildlife Conservation. Field survey, consultations and meetings were conducted to 
verify that management met the CA I TS criteria. Based on this evidence, a dossier was submitted to 
the CA I TS National Committee of Nepal for evaluation and feedback. The feedback provided by the 
committee was utilized to finalize the document, which was followed by an independent review of the 
CA I TS process and outputs by an expert not involved in the CA I TS assessment. 

Despite the pressures that CNP faces, including the constant threat from poachers and high 
demands from tourism, the site has seen an increasingly effective management and protection regime 
put in place. Overall CNP demonstrated high conformity to CA I TS and, therefore, qualified to be a 
CA I TS Approved Site. The CA I TS National Committee of Nepal concluded that the dossier developed 
to indicate the achievement of the CA I TS criteria shows that CNP is managed to the standards set 
out in CA I TS (Figure 4). In particular, CNP has a well-developed governance structure to include 
local people in management; active and supportive buffer zone communities; and benefit sharing 
is enshrined in law. In terms of community relationship management, as well as tiger monitoring 
and management, the site exceeds the CA I TS criteria (and thus highlights best practices). All the 
standards under the tourism, protection and habitat management pillars achieved the desired level 
of conformity. Standard Achieved. In a few areas of management not all the criteria were fully 
met (i.e., were assessed as Standard Mainly Achieved) but in these cases activities are underway to 
resolve outstanding issues and in no case do unfulfilled criteria represent a major impediment to tiger 
conservation. (Indeed, the Standard Mainly Achieved assessment can be a way of donors identifying 
priorities for investment.) For example, field posts needed to be improved through better provision 
and maintenance of clean drinking water (absent from some posts), solar power and infrastructure; 
however, there was insufficient budget available for these activities in the 2012-2016 management 
plan but fundraising was on-going at the time of the assessment and additional funding was secured 
after CA I TS Approval. When making the CA I TS Approved decision, the International Executive 
Committee requested the site to report on progress towards these field post improvements in 2016, 
particularly regarding safe drinking water at guard posts. WWF Nepal, as a focal agency facilitating 
CA 1 TS in Nepal worked with the National Park, Army and Best Paani Pvt Ltd. to provide bio-sand 
filtration systems, which were installed in 30 guard posts in September 2017, providing clean water for 
around 450 people. 
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Figure 4. Overview of conformity of the 17 elements under seven pillars of CA I TS (see Figure 2) of 

CA I TS for Chitwan National Park. 

The finalized dossier for CNP was submitted to the National Committee for its approval, 
which was achieved in October 2014. The Dossier was then passed to the CA I TS International 
Executive Committee for final approval. After discussion and some further information requirements 
from CNP (see above) the site was accredited as CA I TS Approved in January 2015. Since approval, 
Nepal has suffered a disastrous earthquake and flooding. After each disaster, updates on the impacts 
for tiger conservation in Chitwan were prepared by the protected area and National Committee. As 
the first site to receive CA I TS Approved status, Chitwan is also the first site to undertake the newly 
developed re-approval process, which is on-going (Conservation Assured, 2018a) [12]. 

Russia: Sikhote-Alin Nature Reserve (SANR) in Russia's Far East forms part of the easternmost 
habitat complex of tigers and has a unique combination of ecosystems. Tigers are found in low densities 
across a wide landscape, of which the SANR is only a small part. SANR had a tiger population of 
between 13-20 tigers in 2015 and is a source for populations for surrounding areas. 

SANR was nominated as the first Russian site to take on CA I TS and the site was registered 
in December 2014. The field assessment began in 2015 and was aided by local and regional staff of 
WWF and the Wildlife Conservation Society. The National Committee (referred to in this case as 
the Jurisdictional Committee as it only representative of the small part of Russia where tigers are 
found) was established in March 2015. The assessment process went through several iterations after 
feedback from the Jurisdictional Committee, independent reviewers and CA I TS management team. 
After approval from the Jurisdictional Committee and International Executive Committee, CA I TS 
Approved status was conferred on SANR in July 2015. 

SANR has a strong management system and a history of continuous monitoring of tigers, using 
the same protocols, going back 80 years. Annual plans for administration, finance, protection and 
infrastructure are linked to 3-year plans, and the management system has a robust auditing mechanism. 

The CA I TS Dossier for SANR highlights both best practices and minor gaps in management 
practice (Figure 5). The results show that standards under the tiger population and habitat management 
pillar of CA I TS have exceedingly high levels of conformity, i.e.. Standard Exceeded. All standards 
under the protection pillar have achieved the desired level of conformity. Standard Achieved. As in 
Nepal, in a few places where standards were assessed as Mainly Achieved, activities are underway to 
resolve outstanding issues and in no case does an unfulfilled criterion represent a major impediment to 
tiger conservation. For example, SANR has tourism potential. This could be a contributing factor to the 
local economy and could improve community livelihoods. At present, there is no tourism management 
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plan in the reserve; however, the Amur Tiger Centre has a major goal to develop ecological tourism 
focused on the tiger in Russia and a project is being developed to raise interest in tigers amongst 
people living in European Russia, and thus to encourage tourism in the tiger range. SANR has now 
developed a plan to target ecological tourism aimed at the local community and which encourages 
volunteers and students to engage with management. Eco-trails have been built to give an experience 
of the wildlife and habitat along with an interpretation centre. An Ecotourism Club has also been setup 
locally to create more awareness about wildlife conservation and protection in Sikhote-Alin. 



Figure 5. Overview of conformity of the 17 elements under seven pillars of CA I TS (see Figure 2) of 

CA I TS for Sikhote-Alin Nature Reserve. 

India: Project Tiger was launched in 1973 in response to a serious decline in tiger numbers. 
Focused on the development and management of tiger reserves, the project has clearly had a beneficial 
impact on safeguarding wild tigers in the country (Johnsingh and Goyal, 2005) [27], Elowever, there 
are many important tiger populations and habitats outside tiger reserves, which have tended to receive 
less support and management focus. It was agreed that CA I TS would initially focus on these areas for 
its roll-out in India and the CA I TS National Committee in India drew up a preliminary list of nine 
forest reserves for the registration and implementation of CA I TS in September 2015. 

Lansdowne Forest Division was the first area to become CA I TS Approved. Lansdowne is in 
the Pauri Garhwal district of Uttarakhand state in Northern India. It provides a crucial link between 
Rajaji and Corbett Tiger Reserves and is an important tiger and wildlife habitat in the western part of 
theTerai Arc Landscape. One-hundred-and-fifty-six tigers were camera trapped in March 2015 across 
84 locations in Lansdowne; 23 were identified, of which 10 were females. 

The CA I TS dossier was developed over 2016. After independent review and revision, the site 
was approved by the National Committee and reviewed by the International Executive Committee in 
May 2017. CA I TS Approved status was conferred after the submission of some additional material 
from the site. 

The CA I TS pillars of community, protection, habitat management and tiger populations were 
all assessed as Standard Achieved (Figure 6). It was noted that a very competent protection strategy 
had been put in place over the last 7-8 years by the division manager who, amongst other things, 
had developed an intelligence-based protection system. Thus, although there is a lot of poaching 
pressure around the tiger reserves in the area, the Landsdowne tiger population is stable and has been 
growing over the last few years. Excellence (i.e.. Standard Exceeded) was noted in both the importance 
and status and management pillars; however, some areas of management were also assessed as 
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Standards Mainly Achieved, as staffing and funding gaps had been a problem at the site. However, the 
incorporation of Landsdowne into CA ITS leveraged further government funding to the site, allowing 
steps to fill staff capacity and infrastructure gaps. Tourism, which is a voluntary standard in CA I TS 
as not all tiger sites have tourists, has not been fully in developed in Landsdowne. However, there 
are plans to develop tourism further, to take pressure off the neighbouring tiger reserves and provide 
additional community benefits. 
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Figure 6. Overview of conformity of the 17 elements under seven pillars of CA I TS (see Figure 2) of 

CA I TS for Lansdowne Forest Division. 

6. Discussion: Lessons Learned from Five Years Developing the CA I TS Standards 

The development of CA I TS has been a multi-year project, involving many different actors across 
a range of countries. CA I TS differs from many conventional environmental certification systems, 
because of its focus on capacity-building and the lack of an immediate market-based mechanism (such 
as a price premium for a certified product). As a result, there has been a steep learning curve amongst 
those involved. The following section summarises some of the lessons learned to date. 

Although a number of existing organisations have been closely involved in the establishment 
of the system, particularly WWF, which has provided substantial logistical and financial support, 
CA I TS has from the start been an independent body. The assumption is that any single NGO, or 
any government body, will not have the independence, or at least will not be perceived as having the 
independence, to run an accreditation system. The result, successful to date, has been that governments, 
NGOs and international bodies such as UN agencies can all sit around the table as equal partners. 

Regional governance is seen as critical to success, so that the CA I TS Council is chaired by a 
government representative (currently from Bhutan), which makes it easier for governments to engage 
directly in the process and has resulted in all 13 TRCs becoming actively engaged. This has already 
led, for example, to cross border exchanges between staff to share experiences and learn different 
approaches and techniques. It has also strengthened links with other international processes such as 
the Global Tiger Forum (GTF) and the St Petersburg Declaration. The existence of an active Support 
Group, including several NGOs, UNDP, GTF and IUCN, has resulted in enough funds and assistance 
to ensure that the process has continued. Furthermore, cooperation with the IUCN Green List, a global 
and more generally protected area accreditation system that has been under development during the 
same period (IUCN 2013) [25], has helped in the development of some of the processes. 

However, implementation has taken longer than originally planned, in part because of the 
inevitable time-lags involved in running a participatory process. This is however problematic in light 
of the short time period remaining to achieve TX2 and the urgency of wider tiger conservation efforts. 
Perhaps unsurprisingly, it has proven easier to get active involvement from those countries already 
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doing well in terms of tiger conservation than from those where capacity is low and effectiveness 
compromised, yet the latter are the primary target of the CA I TS initiative. The countries of Southeast 
Asia in particular have generally weaker tiger conservation systems (Conservation Assured, 2018) [11- 
13] and at the same time have been less consistently engaged with CA I TS. Further efforts, from 
governments, NGOs and donor agencies, remain important if CA I TS is not to be simply a reward for 
good management rather than also a tool for improving management. 

While there has been good buy-in from TRCs, there are still challenges in getting CA I TS fully 
integrated with national systems and national Tiger Action Plans. Many of these had been completed 
by the time that the CA I TS standard was in place and this, therefore, needs to be retrofitted into 
existing plans, if it is to become an integral part of everyday conservation and not a stand-alone project. 
Furthermore, the wide involvement of many stakeholders has made the system much stronger, but it 
also brings problems in terms of independent peer-review. Given the relatively small world of tiger 
conservation, most national experts suitable to reviews a site for CA I TS registration or approval will 
likely know many of the people involved in management, or themselves be involved in CA I TS. While 
there are policies in place to avoid direct conflict of interest, and the global International Executive 
Committee provides a check, this will inevitably remain an issue for any system of protected area 
verification, particularly in smaller countries. 

Finally, the underlying philosophy of CA I TS driving increased management effectiveness is only 
going to work in the weaker TCAs if there is associated funding to build capacity. To date, this has 
been acquired on a fairly ad hoc basis, drawing on a surge of global support for tiger conservation. A 
longer term approach is needed and a business plan has been drawn up to this effect (Conservation 
Assured, 2018b) [13]. As well as setting out plans for the effective and efficient functioning of CA I TS 
at scale, the plan outlines an 'Advancement Programme' aimed at boosting the capacity of the TCAs 
to improve their management. This will require a very significant investment of funds either by the 
TRC governments or from donor sources. The plan suggests a new collective fund to provide support 
to the TCAs as the best method for financing these needs and the CA I TS Support Group has been 
discussing options for the development of such a fund (Conservation Assured, 2018b) [13]. 

7. Conclusions—CA I TS and Into the Future 

The CA I TS vision is that wild tigers have spaces to live and breed safe from threat resulting 
in increased populations and recovery of range. To achieve this vision, CA I TS' two goals are that: 

(1) The adoption and implementation of CA I TS ensures tiger habitats are effectively conserved, 
well-managed and ecologically connected to maintain, secure and recover viable populations; and 

(2) CA I TS demonstrates and promotes best practice in protected area management in Asia. Whether 
achieving these goals will entail a long-term accreditation system, which will persist for decades, or 
whether CA I TS is more of a medium term capacity building tool whose usefulness will diminish over 
time is still open to question. 

It is not simply the number of species that define the health of a landscape (Pollock et al., 
2017) [28]. Tigers range across more than 50 habitats, with huge differences in elevation, temperature 
and ecosystem, so that CA I TS contributes to issues far broader than tiger conservation. Furthermore, in 
the context of severe declines in many flagship species (Butchart et al., 2010) [29], including particularly 
those targeted by the wildlife trade such as rhinoceros, elephant and pangolin, the CA I TS methodology 
could be modified for other species reliant on site-based conservation. The five conservation pillars of 
CA I TS are directly transferable; specific standards would need to be developed in accordance with 
other species' biology, protection and habitat management. Discussions are ongoing on developing 
Conservation Assured standards for several species groups such as rhinos, pangolins, river dolphins 
and some plants. Integrating the Conservation Assured philosophy into wider conservation discourse 
is the next priority in the development of this approach. 
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Abstract: Indigenous knowledge about biodiversity and conservation is valuable and can be used to 
sustainably manage protected areas; however, indigenous communities continue to be marginalized 
due to the belief that their values and behaviors do not align with the overarching mission of 
conservation. This paper explores the extent of local knowledge and awareness of biodiversity, 
conservation and protected area management of indigenous communities at Khuvsgol Lake National 
Park, Mongolia. We investigate current levels of biodiversity awareness and explore perceptions 
toward conservation values and park management governance. Most respondents had a high 
awareness of existing biodiversity and held positive attitudes toward nature conservation and 
protected areas; however, insufficient knowledge of park rules and low levels of trust between local 
residents and park authorities may undermine conservation objectives in the long run. We identify 
an unequal share of economic benefits from tourism and preferential treatment toward elite business 
owners as a source of conflict. Limited information channels and poor communication between local 
residents and park authorities are also a source for low-level participation in conservation activities. 
Leveraging the increasing use of information communication technology, such as mobile phones, can 
serve as a new mechanism for improved information sharing and transparent reporting between 
local communities, conservationists and protected area authorities. 

Keywords: protected areas; biodiversity; conservation; protected area management; information 
communication technology; Mongolia 


1. Introduction 

National parks and protected areas have become the most effective strategy to conserve and 
protect biodiversity and natural ecosystems [1]. As of 2017, more than 240,000 protected areas exist 

covering a total of 15 percent of the world's terrestrial area [2]. Under the Convention on Biodiversity 
and Aichi Biodiversity Targets the world's governments have pledged to increase the number of 
terrestrial protected areas to more than 17 percent by 2020 (Convention on Biodiversity 2010). However, 
some experts are calling for even bolder action to preserve at least 50 percent of terrestrial area 
globally [3,4], While the international community's decision to increase protected lands is encouraging, 
those managing protected areas often lack the adequate resources to effectively manage and enforce 
park rules and regulations, resulting in inefficient conservation efforts—nearly one-third of the world's 
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protected areas are susceptible to intense human pressure [5]. Furthermore, large numbers of these 
protected areas, which are home to some of the highest levels of biodiversity in the world, fully or 
partially overlap the traditional lands of indigenous peoples [6]. The governance authorities and 
arrangements of these protected lands often do not recognize local inhabitants' traditional knowledge, 
practices, means of livelihoods, and collective tenure, which can create inequalities that undermine the 
values that long-term and sustained conservation is based [7]. 

It has long been believed that problems like pollution, deforestation, species extinction, and 
soil degradation have been due to local, indigenous misuse of natural resources [8]. Although the 
need to reduce human impacts on biodiversity has been widely acknowledged, research has found 
that local people do value, utilize and efficiently manage their environments, suggesting that local 
involvement is the first and most important line of defense in protecting biodiversity [9], Since 1994 
there has been some acknowledgement by the international community to recognize indigenous 
peoples' rights and ownership of protected areas, beginning with the World Conservation Union and 
later the World Commission on Protected Areas [10-12]. Nevertheless, while these efforts suggest a 
shift from past conservation philosophy, little has been done beyond the declarations and guidelines 
made on the international stage to ensure that indigenous peoples are included in the decision making 
and co-management of protected lands [13]. In the face of these challenges, the need for new channels 
of communication that promote the transparent exchange of information between conservationists, 
park authorities and indigenous peoples has been established [5,14,15]. Recent studies have identified 
information communication technologies (ICT) as an emerging tool for conservation in Africa while 
some development agencies like the World Bank have reported preliminary success implementing 
information sharing campaigns via mobile phone short message service (SMS) for remote communities 
in Asia [16,17]. Unlike television and radio, the proliferation of mobile phones, specifically smart 
phones, provides an opportunity for information exchange and feedback loops between groups and 
does not have the same cost barrier or need for reliable access to an electricity grid [15]. 

Two questions addressed in this paper aim to elucidate the generally accepted theory that 
indigenous communities are aware of their environment, and conservation goals can be better achieved 
if local communities are engaged and included in the decision-making process. A unique aspect of this 
study aims to identify current information sources and new channels for information exchange as a 
means to encourage participation of local and indigenous communities in protected area governance. 
We ask: (1) What is the current level of local awareness of biodiversity, conservation and protected area 
management at Khuvsgol Lake National Park (KLNP) in Mongolia and; (2) What are the information 
sources, usage and usage patterns of information communication technologies within indigenous 
KLNP households? 

To understand the issues addressed in the study we turn to Mongolia, a country home to some 
of the world's largest remaining wild areas that support a vast and diverse group of native flora and 
fauna. However, in the face of a rapidly growing mining and tourism industry, conservation of wildlife 
and traditional pastoral livelihoods are being threatened [18]. In Mongolia, conservation policies are 
under the direction of the Ministry of Nature, Environment and Tourism, which oversees 64 protected 
areas covering approximately 21 million hectares or 14% of Mongolia's total terrestrial area [19]. Many 
of these protected areas overlap with local and indigenous communities and conflicts between public 
administration officers, park authorities and local inhabitants are occurring with greater frequency [20]. 
At KLNP the Ministry of Nature, Environment and Tourism has overseen park management and 
conservation activities since the park was designated as a protected area in 2004. For the most part, 
conservation law in Mongolia is consistent with international practice; however, there is a significant 
exception in the law that promotes: (1) the participation of local people and communities in protected 
area establishment, planning and management; and (2) the sharing of benefits from protected areas 
with local people [21], Despite this, government efforts to expand tourism in the Khuvsgol Lake region 
have increased rapidly with KLNP receiving national and international attention, and while interest 
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for tourism grows development has fallen short of integrating local communities into the planning 
and decision-making process and providing an equal share of benefits from the tourism sector. 

The Setting 

Located in northern Mongolia, along the Russian border, at the foot of the eastern Sayan 
Mountains, Khuvsgol Lake National Park is designated as a protected area (IUCN Category II) for its 
ecological importance including natural beauty, high biological richness (794 plant species, 369 animal 
species, 258 migratory birds), pristine water resources and unique historic and cultural values. The 
region lies 1645 m above sea level and covers more than 8300 square kilometers. KLNP is classified by 
the Ministry of Nature, Environment and Tourism as a "strictly protected area". The region is home 
to a large number of vulnerable and endangered wildlife and fish species including argali, elk, musk 
deer, sable, Siberian marmot as well as burbot, grayling, lenok and perch. Despite the protected status 
of KLNP a variety of challenges continue to exist, including illegal logging, illegal mining, commercial 
fishing, unregulated development, poor sanitation and water quality, and litter [22]. 

The namesake of the park, two million-year-old Khuvsgol Lake, is one of seventeen ancient lakes 
in the world, and is considered to be one of the most pristine fresh water sources on the planet. More 
than 136 km long, 35 km wide and 262 m deep the lake contains 4% of global fresh water and 70% of 
Mongolia's fresh water resources [23]. 

Present-day inhabitants of KLNP are mainly settled and mobile pastoral households including 
the Tsaatan, a community of reindeer herders living in the northern part of the reserve [24], Originally 
from bordering Tuva Republic, the Tsaatan are one of the world's last remaining groups of nomadic 
reindeer herders. Currently, some 40 reindeer households live within the boundaries of KLNP. In 
addition, nearly 200 mobile pastoral families live at KLNP grazing their herds of sheep, goat, cow, yak 
and horse in seasonal pasture areas. In recent years, the park has attracted many new residents owing 
largely to the rapidly growing tourism sector. Within the interior of KLNP there are 2 major districts 
and a number of sub districts, a few of which have become permanent and semi-permanent tourist 
areas. Districts included within park boundaries are subject to park regulations; however, laws are 
often unevenly enforced. Many of the districts within KLNP are some of the poorest in Mongolia [25]. 
Total population of KLNP has increased from 12,000 in 2001 to nearly 16,000 in 2017 [26]. 

KLNP has seen a rapid increase in tourist numbers bringing with it profound changes in the local 
economy. Many mobile pastoral households which had traditionally relied on animal husbandry now 
make some of their income from the seasonal tourism sector. Common jobs include horse guides, 
tourist camp operators and sellers of indigenous arts and craft souvenirs. Local communities; however, 
have limited capacity or resources to fully access tourism-related benefits with most of the business 
going to the elite tourist camp operators, which can provide higher quality service at lower cost. We 
find that outside camp operators account for 62 of 82 (76 percent), of all tourist camps at KLNP in 2017 
as opposed to 10 percent in 2000. For many pastoral residents, livestock grazing will continue to be a 
principal livelihood, yet these benefits are in decline due to a growing encroachment of tourism camps 
onto traditional grazing areas. 

From 2010 to 2014, annual tourist visits to KLNP rose from 11,000 to 60,000 [25], largely due to 
improved road access and reduced visa restrictions. While, the government has targeted KLNP as a 
key region for development, tourism-related expansion occurs in the absence of planning and there 
is little to no coordination between KLNP administration, communities, tour operators and tourism 
facilitators. Uncontrolled sewage and litter from tourism is threatening lake water quality and exerting 
additional pressure on grazing areas depended on by mobile pastoral households [27]. Recent studies 
have even reported the presence of high-levels of microplastic pollution within the lake [28]. 

In carrying out the functions of the park, KLNP is staffed by a small number of administrators 
and rangers, officially 1 per 32 square kilometers. Interviews with park administrators established 
that rangers are tasked to enforce park rules and interact with local community members; however, 
outreach and interaction is infrequent. Park regulations are not made available or published for local 
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inhabitants to see, leading to an information imbalance that often results in uneven enforcement 
of park policies. The importance of transparent governance cannot be overstated, as we found 
it to play a key role in the lack of trust between local community members and park authorities. 
Furthermore, park rangers lack the adequate training to evaluate human activity as being acceptable 
or unacceptable based on traditional and cultural values. Examples include citing local inhabitants for 
harvesting of biomass for cooking and heating, fishing for non-commercial purposes, and grazing of 
animals in traditional pasture areas. While these activities are officially illegal by Mongolian law, park 
authorities' unwillingness to recognize local knowledge about the environment may contribute to the 
marginalization of local citizenry at KLNP. 

2. Methods 

Thirty households within KLNP were asked 60 open and close-ended questions designed to 
assess knowledge on biodiversity awareness, conservation and protected area management within 
KLNP, including beliefs on environmental protection and conservation, identification of important 
biodiversity species, and knowledge on rules, regulation and management (Table SI). A unique aspect 
of this study, the survey also explored information sources, technology adoption and mobile phone 
use within local and indigenous households. 

The survey was carried out during two field seasons: June-September 2016 and July-August 2017 
in the district of Jankhai 28 km north of Khatgal, the administrative center (Figure 1) of KLNP. The 
study area was selected given its high number of settled and mobile pastoral households. It also serves 
as a major tourist destination for its proximity to the lake and road access and has seen a massive 
increase in tourism related development in recent years. In total, nearly 200 households were living 
within Jankhai at the time of the study. To minimize selection bias, a snowball technique sampling 
method was employed with one person being chosen at random and after asked to identify a friend or 
acquaintance that could participate in the survey. This sampling method was selected for its reliability 
and convenience. Of the 200 households, 70 individuals from 30 unique settled and mobile pastoral 
households were approached due to time constraints and the large distances between households. 
Of these 30 that were approached, 100% participated in the survey. Data input, coding, classification, 
categorization and analysis were conducted using STATA 13.0. 

A description of the demographic data of participants at KLNP can be found in Table 1. We define 
settled households as those living in a fixed structure who do not participate in pastoralism, these 
households own few to no animals and rely less on the environment for their source of livelihood. 
Mobile pastoral households, on the contrary, dwell in the traditional Mongolian 'ger', a round wooden 
framed structure surrounded by felt, and depend heavily on the environment to earn a living. Many of 
these families own a variety of animals including sheep, goat, yak, cow and horse and move seasonally 
to different grazing areas. We make the distinction between settled and mobile pastoral households in 
order to compare the latter groups that practice more traditional indigenous livelihoods to the former 
who are more sedentary and therefore more likely to be involved in conventional occupations and 
have greater access to information and knowledge resources. Our study sample is representative of 
regional and national averages [25]. 
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(a) (b) 

Figure 1. (a) Landsat-8 image (Path 135, Row 026; Date acquired 21 July 2017) of study area (2B) and 
administrative center of KLNP (4B); (b) Map showing environs of KLNP 


Table 1. Demographic data of participants at KLNP. 


Characteristics 

Group 

Total 


Gender 

Female 

41 (59%) 



Male 

29 (41%) 


Age (years) 

8-19 

16 (23%) 



20-29 

19 (27%) 



30-39 

6 (9%) 



40-49 

10 (14%) 



50-59 

10 (14%) 



>60 

9 (13%) 


Education 

Primary school 

40 (57%) 



High school 

11 (16%) 



University 

2 (3%) 



Vocational training 

2 (3%) 


Occupation 

Herder 

31 (44%) 



Fisherman 

2 (3%) 



Construction 

5 (7%) 



Tourism 

9 (12%) 



Teacher 

3 (4%) 



Student 

10 (14%) 



Pensioner 

10 (14%) 


Dwelling 

Mobile pastoralist 

51 (73%) 



Settled 

19 (27%) 
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3. Results 

3.1. Biodiversity Awareness 

In order to understand the level of biodiversity awareness among local residents we asked 
respondents to identify species within KLNP from photographs and, if identified correctly, state 
whether they believed the animal was considered endangered, vulnerable, or at no risk (Table 2). 
Responses indicated that mobile pastoralists have a high degree of knowledge on vulnerable and 
endangered species in KLNP. Even argali and red deer which graze deep into the Sayan mountains 
away from pastoral zones were recognized as being animals found within park boundaries and 
highly endangered. Settled participants reported a similar degree of awareness for protected and 
endangered species. Many participants also noted that the Khuvsgol Grayling, commonly cited 
by government agencies as being overfished by local residents, is highly vulnerable and therefore 
deserving of protection; however, subsistence fishing should be permitted. When questioned how a 
species became endangered over hunting was the most commonly cited answer among both pastoral 
and settled households. 

Table 2. Levels of awareness for key and vulnerable species at KLNP. 


Species 

Demographic 

Total 

Pastoralist 

Settled 

Argali ( Ovis ammon) 

33 (64%) 

12 (63%) 

45 (64%) 

Musk Deer ( Moschus moschiferus) 

44 (86%) 

16 (84%) 

60 (86%) 

Elk ( Alces alces) 

45 (88%) 

17 (89%) 

52 (74%) 

Grayling ( Thymallus nigrescens) 

48 (94%) 

19 (100%) 

67 (96%) 

Red Deer ( Cervus elaphus) 

39 (76%) 

16 (86%) 

55 (79%) 

Reindeer ( Rangifer tarandus) 

48 (94%) 

19 (100%) 

67 (96%) 

Sable ( Martes zibellina ) 

46 (90%) 

17 (89%) 

63 (90%) 

Siberian marmot ( Marmota sibirica ) 

42 (82%) 

15 (79%) 

57 (81%) 


3.2. Knowledge of Environmental Sensitivity and Park Governance 

Table 3 shows the questions asked of participants to assess perceptions on conservation and 
park management activities. The results reveal a high degree of environmental sensitivity among 
respondents with 96% of those surveyed answering that they believe environmental protection is 
essential for their well-being and 90% believing that human activity can irreversibly impact the 
environment. However, a majority of respondents were not aware of the existence of the park's 
governing institutions nor had any knowledge on how to report a grievance or negligent human 
activity to authorities—only 24% of total participants, 24% of pastoralists and 26% of settled households, 
were able to correctly identify the Ministry of Nature, Environment and Tourism, as the administer 
of park management. Furthermore, only 19% of respondents could accurately state park rules 
and regulations related to hunting, fishing, forestry and waste management. Trust between local 
residents and park management is also low with 39% of pastoralists and 42% of settled households 
stating an unwillingness by park authorities to redress grievances as a major source of contention. 
Park inhabitants also noted that outside business owners benefit the most from tourism with only 
10% of total respondents believing that local residents have an equal opportunity to share in the 
economic benefits. 
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Table 3. Perceptions on conservation and park management activities. 


Participant Answered ... 

Demographic 


Pastoralist 

Settled 



Environmental protection is essential for wellbeing; 

49 (96%) 

18 (95%) 

67 (96%) 

Human disturbance can result in irreversible 
environmental damage; 

47 (92%) 

16 (84%) 

63 (90%) 

Is aware of park rules and regulations related to hunting, 
fishing, forestry and waste management; 

11 (22%) 

2 (11%) 

13 (19%) 

Can identify the governing bodies of KLNP; 

12 (24%) 

5 (26%) 

17 (24%) 

Park authorities can be trusted to redress grievances; 

20 (39%) 

8 (42%) 

28 (40%) 

Certain activities should be prohibited within the park; 

35 (69%) 

16 (84%) 

51 (73%) 

Tourism provides an equal share of economic benefits. 

6 (12%) 

1 (5%) 

7 (10%) 


In terms of associations across demographics we find little difference in opinion toward 
conservation and park management between settled and pastoral households. Ninety-six percent of 
mobile pastoralists consider the environment the most important factor in their wellbeing and consider 
environmental protection essential. This is also true for 95 percent of those living in settled households. 

Seventy three percent of total respondents, 69% for mobile pastoralists and 84% for settled 
households, expressed the need to prohibit certain activities within park boundaries including hunting 
of birds, mining and logging of trees. Although the majority of respondents' views aligned with 
conservation norms a common point of contention was fishing and hunting, which, although prohibited 
by law, remains an important subsistence activity for many pastoral and settled households. An 
overwhelming majority of participants answered that they believe local households should have the 
right to fish and hunt although they answered unfavorably when asked if commercial fishing and 
hunting should be allowed to promote tourism. 

Most respondents answered favorably for the development of the tourism sector; however, 
improved regulation and access to economic benefits were answered as necessary for local communities. 
Only 10% of total respondents believed that tourism provided an equal share of benefits and was often 
cited as a major reason for conflict and distrust with park officials and business owners. 

3.3. Sources of Information 

In Table 4, 94% of respondents stated they obtain some information about the environment from 
friends and family. Information from local authorities, such as park rangers, accounted for only 26% 
of information sources. School sources provided 26% of respondents with information about park 
management and television and radio provided 18% of participants, respectively. We account for 
low levels of information dissemination across television and radio due to a lack of reliable access 
to electricity. Twenty percent of respondents claimed to receive some information about biodiversity 
and conservation through ICT such as mobile phones. While access to an electricity grid is limited, 
many households own and operate 50-watt solar home systems that can sufficiently charge phones 
and other portable devices. Connection to the cellular network is also improving as telecommunication 
companies expand their coverage to serve popular tourist areas. 


Table 4. Information sources on biodiversity, conservation and park management. 



Demographic 

Total 


Pastoralist 

Settled 

Personal experience 

47 (92%) 

19 (100%) 

66 (94%) 

Television, radio 

9 (17%) 

4 (21%) 

13 (18%) 

Local authorities 

12 (23%) 

6 (32%) 

18 (26%) 

School 

15 (29%) 

3 (16%) 

18 (26%) 

ICT/Internet 

11 (22%) 

3 (16%) 

14 (20%) 
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Regarding ICT, 84 percent of respondents answered that they own a mobile phone, with 44% 
of that group using a smart phone (computing and internet capabilities) as opposed to a traditional 
mobile handset (basic calling features) (Table 5). Sixty-seven percent of those interviewed reported 
at least occasional use of SMS and 58% use their mobile phone to take photos. Sixty-nine percent 
of mobile pastoralists reported using SMS and 33 percent responded accessing the Internet at least 
occasionally with their smart phone. Common barriers to use were poor reception, limited battery life, 
cost and user ability. 


Table 5. Mobile phone use within local communities at KLNP. 



Demographic 



Pastoralist 

Settled 


Own a mobile phone 

42 (82%) 

17 (89%) 

59 (84%) 

Own a smart phone 

23 (45%) 

8 (42%) 

31 (44%) 

Utilize messaging and SMS 

35 (69%) 

12 (63%) 

47 (67%) 

Occasional use of Internet 

17 (33%) 

4 (21%) 

21 (30%) 

Use of social media 

11 (22%) 

4 (21%) 

15 (21%) 

Photography and digital media 

32 (62%) 

9 (47%) 

41 (58%) 


4. Discussion 

We find, in line with previous studies on indigenous values [7-10,29], that local communities 
at KLNP do value and have representative knowledge about their environment. We identify that 
poorly developed information channels and low levels of information sharing diminish trust and 
erode local support for conservation activities. Though a variety of information channels at KLNP 
exist, many are underutilized. The introduction of conservation themed curriculum in schools and 
increased outreach by park authorities may be two immediate actions that can be taken to enhance 
awareness of conservation objectives and improve information exchange between local residents 
and authorities in a protected area setting [30]. We find that 80 percent of respondents indicate low 
engagement with park officials and uneven enforcement of park policies as a source of hostility. 
Park authorities must make clear that they are there to work with and not against local community 
members. Transparency of institutional rules, regulations and activities is also crucial for achieving 
local participation in conservation activities [31]. Installing signs or placards within the perimeter of 
the park and providing households with a list of park rules are two examples that have been cited as 
effective for informing local citizenry on regulations. In addition, park rangers would benefit from 
training that helps them assess local activity as being aligned with traditional values and therefore 
permitted in accordance with international norms. The growing use of ICT including mobile phones 
and access to the Internet presents a new opportunity to engage the local community with up to 
date information about conservation activities and park management. Given the limited human 
resources of the park, ICT should be considered as a primary mechanism for improved information 
sharing, open dialog, transparent reporting as well as a channel to communicate opportunities for 
residents to access economic benefits from the tourism sector. If the local population is unlikely 
to see any economic benefit from tourism long-term sustainability and cooperation is unlikely. If 
future action plans are inclusive, coherent, and strategic and sustained communication, education and 
public awareness efforts are made, long-term conservation of KLNP is possible. Finally, the Ministry of 
Nature, Environment and Tourism should establish a clear plan, based on local and expert consultation, 
identifying how tourism should be developed within the park over time as well ensure a more equal 
share of economic benefits reach the local people. Promoting locally run tourist camps, establishing a 
designated market for locally produced handicrafts, requiring outside run tourist facilities hire local 
staff, offering entrepreneurial training programs for local residents, and setting a quota for the number 
of outside owned tourist facilities within park boundaries are just a few examples of efforts that park 
management can take to include local people in the tourism sector. 
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Although this study accomplished its aims several limitations would benefit from future study. 
First, as ICT has only recently been introduced into the local community use patterns will likely evolve 
as familiarity with the technology improves and more reliable access to the network is achieved. Future 
studies will want to explore the longitudinal effects of ICT use in more depth. Second, because of 
limited time and distance between households only a small number of participants were included 
in the survey. A more rigorous study with a greater number of participants may provide a better 
understanding of how local residents can actively contribute to conservation activities. Finally, future 
studies will also want to focus on identifying the relative messages for bridging the information gap 
between park management and local communities as well as which ICT channels and social media 
platforms can help establish transparent information sharing. 

5. Conclusions 

In this paper we attempt to assess the local knowledge and information sources on biodiversity, 
conservation and protected area governance at Khuvsgol Lake National Park in Mongolia. We find, 
in line with our study objectives, that a majority of participants had a high awareness of biodiversity 
and held positive attitudes toward nature conservation and protected areas; however, insufficient 
knowledge of park rules and low levels of trust between local residents and park authorities may 
undermine the park's conservation objectives in the long run. Limited information channels and 
poor communication between local residents and park authorities are also a source for low-level 
participation in conservation activities. The growing use of smart phones and access to the Internet 
presents a new opportunity to connect community members with conservation activities and provide 
information on park management. Our results support the accepted wisdom that conservation goals 
can be better achieved if local communities are engaged and included in the decision-making process 
and rules, regulations and activities are transparently shared, understood and agreed upon [7-9,14,15]. 
In the face of the expanding global protected area network, it is also necessary to anticipate how the 
forces of tourism may impact local economies and livelihoods in the long term. Policy must reflect 
local knowledge and community involvement in the management and sharing of economic benefits to 
ensure long-term sustainability of protected areas. Limited operating budgets make ICT, such as smart 
phones and the Internet, an important mechanism in improving information sharing and collaboration 
between park residents and conservationists. 
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Abstract: At present, 10.5% of Canada's land base is under some form of formal protection. 
Recent developments indicate Canada aims to work towards a target of protecting 17% of its 
terrestrial and inland water area by 2020. Canada is uniquely positioned globally as one of the 
few nations that has the capacity to expand the area under its protection. In addition to its formally 
protected areas, Canada's remote regions form de facto protected areas that are relatively free from 
development pressure. Opportunities for expansion of formally protected areas in Canada include 
official delineation and designation of de facto protected areas and the identification and protection 
of land to improve connectivity between protected areas (PAs). Furthermore, there are collaborative 
opportunities for expanding PA through commitments from industry and provincial and territorial 
land stewards. Other collaborative opportunities include the contributions of First Nations aligning 
with international examples of Indigenous Protected Areas, or the incorporation and cultivation 
of private protection programs with documented inclusion in official PA networks. A series of 
incremental additions from multiple actors may increase the likelihood for achieving area-based 
targets, and expands stakeholder engagement and representation in Canada's PA system. Given a 
generational opportunity and high-level interest in expansion of protected areas in Canada and 
elsewhere, it is evident that as a diverse number of stakeholders and rights holders collaboratively 
map current and future land uses onto forest landscapes, science-based conservation targets and 
spatial prioritizations can inform this process. 

Keywords: conservation; biodiversity; ecosystems; IUCN; land use; protected areas 


1. Introduction 

Given population growth and increasing pressures on land for human use [1], there is an 
increasing global reliance on protected areas (PAs) as cornerstones of conservation strategies. 
This global emphasis on PAs is evidenced by the widespread support for the Convention on Biological 
Diversity (CBD: an international treaty with 193 member countries) which, among other decisions, 
adopted the Aichi Biodiversity Target to protect 17% of the most biodiverse landscapes by 2020 [2]. 
The establishment of national PA systems has been the globally preferred approach to biodiversity 
conservation in the 20th and 21st centuries. National PA systems around the world have rapidly 
increased from 141 areas covering less than 1% of Earth's land area in 1911 to 130,709 areas and 13% 
global land coverage in 2011 [3,4] and 14.8% in 2016 [5]. Furthermore, the rate of PA expansion has 
been growing: protected areas have increased nearly 80% from 1990 levels. Coordination of PAs 
worldwide has been greatly facilitated by The World Commission on Protected Areas, administered by 
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the International Union for Conservation of Nature (IUCN), which provides the following definition 
for a protected area: 

"A protected area is a clearly defined geographical space, recognised, dedicated, and 
managed, through legal or other effective means, to achieve the long-term conservation of 
nature with associated ecosystem services and cultural values" [6]. 

This definition encompasses a variety of types of PAs, classified by management objectives [7] and 
most recently by governance type [8], One of the current challenges for many developed nations is to 
pursue strategic expansion of their PA systems through diversification of management and governance 
mechanisms [9]. 

As of 2016, Canada has achieved protection of approximately 10.5% of its terrestrial and inland 
water area [5] (Table 1). More than 85% of Canada's PAs are classified as IUCN management 
categories I-IV [9], which prohibit industrial activities such as mining, forestry, and hydro development. 
Furthermore, much of the area protected exists in large PAs in excess of 3000 km 2 [9], Canada is one of 
the few nations with the potential to protect large, intact landscapes, particularly in the boreal and 
arctic regions that are expected to be under increasing pressures based upon a number of future climate 
change projections [10,11]. Ultimately, a key factor in the ability of Canadian PA systems to protect 
their biological resources is the sustained ecological integrity of the individual PAs. Given the existing 
level and location of protection, combined with the fact that many additional areas are currently in de 
facto protection [12], Canada has an opportunity unique among developed nations for a fundamental 
expansion of high-value, nondegraded protected areas. Furthermore, there is a strong willingness for 
comprehensive conservation planning owing to recent multi-stakeholder cooperative agreements and 
increasing political will [13] and objectives reported in the Federal Sustainable Development Strategy 
to meet the 17% area target by 2020 ([14], p. 48) agreed to under the Convention on Biological Diversity 
and related Aichi target [2]. 

The goal of this research is to highlight opportunities and avenues for expanding Canada's 
terrestrial PA system. The areas protected by province and territory are summarized in Table 1, 
whereas the areas protected by federal agencies are summarized in Table 2. We motivate our work with 
a description of the national context for PAs in Canada and provide examples focused on Canada's 
nationally dominant (>550 Mha) and ecologically important boreal forests. We then provide relevant 
background on the science of conservation planning, the application of ecological concepts to PA 
selection and management, and the application of IUCN PA categories in Canada. We offer guidelines 
to present opportunities regarding the expansion of PA systems derived from both national and 
international examples. Finally, we present two hypothetical scenarios for doubling protection that 
build on the current mix of IUCN PA categories at national and ecozone scales. 

2. Background for Protected Areas in Canada 

Canada has a history of protected area designation, management, and governance with the 
establishment of its first national park (Banff) in 1885 and its first provincial park (Ontario's Algonquin) 
in 1893. The federal government established Parks Canada (then the Dominion Parks Branch) as the 
World's first government protected area organization, in 1911 [15]. National and provincial parks are 
the most common types of protected areas in Canada, yet within the boreal region alone there are more 
than 70 types of PAs [9] that play various cultural and ecological roles. The balance among the various 
PA roles has evolved over time from a recreational focus towards an ecological one. Concurrently, the 
source of the dominant threats to PAs has also changed from internal sources, such as heavy visitation 
rates, to external ones, including overdevelopment of the surrounding landscape, climate change, 
invasive species, and airborne pollution [16]. See Table 3 for an overview of IUCN management 
categories including codes, descriptions, and Canadian examples. 

As Canada contemplates PA expansion, it is worth noting that relative to other nations, Canada has 
a disproportionately large level of PAs that are in strictly protected classes [9], National parks (IUCN 
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Level II, see Table 4) comprise -48% of Canada's PAs by area [17], and the evolution of its park system 
policies provide supporting evidence of the shift toward an ecological focus on protection. The shift 
began with the 1964 comprehensive statement of national parks policy, whose main purpose was to 
clarify ambiguity in the National Parks Act originally passed in 1930. The policy shift asserted that the 
fundamental role of national parks was to be one of protection rather than use [15]. This principle of 
ecological integrity was subsequently legally formalized in an amendment to the National Parks Act 
in 1988. The first National Park System plan was approved in 1971 to guide park expansion under a 
more systems-based approach. The emphasis was to increase representation of the 39 natural regions 
of Canada within the park system. As a result, given that roughly three quarters of the area within the 
national park system was designated after 1971, the majority of the park system was delineated within 
a value system that emphasized ecological integrity and representativeness. The mosaic of the larger 
set of all Canadian protected areas is more complicated, however, with management and governance 
carried out by diverse federal, provincial, and territorial agencies (Figure 1; Table 1) as well as First 
Nations and private land owners (Table 2) [5]. 



Legend 

Parks and Protected Areas of Canada by Size 
iucn 


y/ 



Figure 1. Map of Canadian protected areas and ecozones. Zoom views are provided of select areas to 
illustrate the context of smaller PAs. IUCN management categories are described in Table 3. Ecozones 
as described in [18] and labeled in Figure 2. 

Canada's terrestrial PA system is poised for expansion for several complementary reasons: (1) to 
ensure representation and persistence of Canadian biodiversity; (2) to align with global protection 
levels and targets; and (3) to formalize the protection of de facto protected areas [12], Recent studies 
have demonstrated the biases and underrepresentation of the current Canadian PA systems using a 
variety of biodiversity subsets and surrogates such as disturbance-sensitive mammals [19], species at 
risk [20], and productivity [21]. The disproportionate distribution to strictly protected IUCN categories 
shows an opportunity to employ some of the other IUCN classes, which would offer some flexibility 
in PA assignment, while remaining within international norms. As a consequence, many different 
jurisdictions are concurrently working to expand Canada's PA systems (e.g., [22]). Demonstrating an 
ongoing capacity for expansion, the total amount of protected area in Canada has more than doubled 
from 5.2% in 1990, to 10.5% in 2016 [5]. Many protected area management agencies have explicit 
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expansion objectives. Nationally, Parks Canada is expanding with the objective of having at least 
one national park in each of Canada's 39 natural regions. There are currently 11 natural regions 
unrepresented in the national park system although some have interim protection [23]. Provincially, 
Ontario's Biodiversity Strategy sets a target to have 17% of terrestrial and aquatic ecosystems protected 
in line with the Aichi global target [2]. 


Table 1. Total percentage of terrestrial area protected by province and territory, Canada, 2016. Note that 
areas reported include land and freshwater, but not marine areas. Also note that not all jurisdictions in 
Canada report on protected areas that are privately owned. 


Province or Territory 

Provincial or 
Territorial Area 
(Square 
Kilometres) 

Area Protected 
(Square 
Kilometres) 

Percentage of 
Province or 
Territory Protected 

Percentage of total 
National Area 
under Protection 

British Columbia 

944,735 

144,858 

15.3 

13.76 

Alberta 

661,848 

83,140 

12.6 

7.90 

Nova Scotia 

55,284 

6513 

11.8 

0.62 

Yukon 

482,443 

56,334 

11.7 

5.35 

Manitoba 

647,797 

71,139 

11 

6.76 

Ontario 

1,076,395 

114,470 

10.6 

10.87 

Nunavut 

2,093,190 

211,299 

10.1 

20.07 

Quebec 

1,512,418 

150,588 

10 

14.31 

Northwest Territories 

1,346,106 

125,657 

9.3 

11.94 

Saskatchewan 

651,036 

55,654 

8.5 

5.29 

Newfoundland and Labrador 

405,212 

29,472 

7.3 

2.80 

New Brunswick 

72,908 

3378 

4.6 

0.32 

Prince Edward Island 

5660 

180 

3.2 

0.02 

Totals 

9,955,032 

1,052,682 


100.00 


Table 2. Area protected by federal agency, Canada, 2016. 


Terrestrial Area Protected Percentage of total National Area 

(Square Kilometres) under Protection 


Parks Canada 

338,964 

32.2 

Environment and Climate Change Canada, 
Canadian Wildlife Service 

104,854 

10.0 

Indigenous and Northern Affairs Canada 

34,945 

3.3 

Fisheries and Oceans Canada 

0 

<0.1 

National Capital Commission 

462 

<0.1 

Correction for overlap among jurisdictions 

-10,868 

-1.0 

Grand total 

468,357 

44.5 


Note: Terrestrial areas include both land and freshwater. Entries represent the total area protected by each federal 
jurisdiction, accounting for any overlaps that may exist. This correction is made to avoid double-counting areas that 
benefit from more than one protection mechanism. No correction has been made for overlap between terrestrial 
and marine polygons resulting from variable definitions of coastlines or mapping artefacts. Areas under shared 
federal-provincial jurisdiction are included. Prairie Farm Rehabilitation Administration lands (Community Pastures) 
are being returned to provincial control and are no longer considered protected by a federal department. Source: 
Conservation Areas Reporting and Tracking System (CARTS) [24] (www.ccea.org/carts/). 


3. Application of IUCN Protected Area Management and Governance Types in Canada 

Societal values can be mapped onto the landscape as a continuum between market values and 
strict protection values [16]. The amount and configuration of these values on the landscape will affect 
the ecological, cultural, and economic potential of the landscape and will ultimately influence the 
future well-being of humans and of biodiversity. Different types of PAs give priority to different values; 
maintaining a mix of types on the landscape will thus help to achieve a balance among competing and 
complementary values. This will also contribute to more comprehensive and integrative conservation 
planning based on the principles of ecosystem management [25]. These principles emphasize the 
need to maintain ecosystems in the states required to achieve societal benefits while recognizing that 
ecosystems have some, albeit limited, resilience to natural and man-made stressors [26]. Diversified 


125 








Land 2018, 7,137 


governance and management of PA types will be the key to success of planning and implementing 
landscapes with the right mix of values. Governance of different PA types involves decisions about 
PA objectives and strategies to achieve whereas management involves the actions required to achieve 
objectives [27]. 

3.1. Classifying Protected Areas Based on Management Objectives 

Most PAs are established for a variety of reasons and with multiple management objectives. 
The IUCN management categories classify PAs based on their main management objectives (Table 3). 
A variety of objectives are acceptable within each category; therefore, there may even be variability 
amongst the management objectives of PAs within the same category. Importantly, the IUCN categories 
are based on the intentioned objectives. It is necessary to consider whether the area can realistically 
meet these objectives when assigning the area to a given IUCN category [28]. These categories 
facilitate international comparisons and some flexibility is required in their application [28]. Consistent 
application of the IUCN system by agencies that own and manage PAs in Canada is an achievable 
outcome, possibly guided by Canadian examples of interpretations of the IUCN system (e.g.. Table 3) 
and the Canadian Council on Ecological Areas (CCEA) [28]. A few notable issues relevant to Canadian 
application of the IUCN categories are worth mentioning. Canada has large PAs in Categories I 
through IV, both in number and area, relative to other countries. Within these categories, some 
restricted human activities, which would otherwise be considered incompatible with these categories, 
are accommodated, such as small sections subject to extractive activities or First Nations traditional 
practices such as hunting and trapping. Traditionally, most areas that meet the criteria for Categories V 
and VI are beyond the scope of Canada's PA agencies [28]; however, this is not precluded and expected 
to develop as national and provincial PA systems continue to expand. 

Regulations concerning the use of protected areas are not entirely consistent across international 
jurisdictions, nor are they consistent from province to province within Canada [29]. This presents 
challenges to categorizing and identifying the characteristics of PAs in Canada. For countries that are 
parties to the Convention on Biological Diversity, the IUCN has been instrumental in standardizing the 
reporting on PA systems by providing a typology of PAs consisting of six management categories [6,7]. 
Categories are not exclusive: many PAs have the characteristics of multiple IUCN categories, resulting 
in them being listed doubly or triply in existing PA databases. The CCEA produced guidelines for the 
application of the IUCN PA typology in Canadian PA systems [28]. Most recently, the IUCN provided 
a simplified typology of PAs consisting of four governance types [8[. This section provides a summary 
of these management and governance typologies with Canadian examples. It should be noted that 
this summary is not a replacement for the aforementioned publications and they remain the primary 
references. We also present an overview of the current representation of IUCN management categories 
in Canadian PAs. 
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Table 4. Protected areas (PAs) in Canada, by IUCN class. 


IUCN Management 
Category 

IUCN International Name 

Percentage of total 
National Area 
under Protection 

Percentage of total 
National Area 

la 

Strict Nature Reserve 

1.0 

0.1 

lb 

Wilderness Area 

33.2 

3.5 

II 

National Park 

48.8 

5.1 

III 

Natural Monument 

0.2 

<0.1 

IV 

Species/Habitat Management 
Protected 

2.0 

0.2 

v 

0.4 

<0.1 


Landscape/Seascape 
Protected Area with 

VI 

Sustainable Use of Natural 
Resources 

14.4 

1.5 

Total 


100.0 

10.5 


3.2. Classifying Protected Areas Based on Governance Types 

Governance can be defined as "the interactions among structures, processes, and traditions that 
determine how power and responsibilities are exercised, how decisions are taken and how citizens 
or other stakeholders have their say" [31]. Governance is carried out by actors (rights holders and 
stakeholders) that hold power, authority, and responsibility and are accountable for meeting the 
protection objectives of PAs (Tables 1 and 2) The purpose of the IUCN governance classification system 
is to create a standardized framework in which all governance of PAs and PA systems can be assessed, 
compared, evaluated, and improved. In addition to the type of governance of a PA (Table 5), the quality 
of governance can also be assessed to the extent of how closely governance principles are followed 
in the process of making actual decisions. PA governance also concerns de facto decision makers 
that affect the conservation objectives of the PAs through informal means [8]. For example, ongoing 
enforcement shortcomings may result in illegal development and commercial exploitation in PAs by 
members of the public, such as cattle grazing and wood harvesting [32]. Parks Canada has aimed to 
demonstrate international leadership in establishing the principles of good governance of PAs [31]. 
In Table 5, we also offer Canadian examples of each category. We present these examples of governance 
types in Canadian PAs as a stimulus for future discussions on Canadian interpretation of the IUCN PA 
governance framework. 
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3.3. Distribution oflUCN Management Categories within Canada's Protected Areas 

The proportion of Canada's protected area in each IUCN category shows an uneven distribution, 
skewed towards categories with the strongest restrictions to human activities within them (Figure 2; 
Table 4). Approximately 82% of all Canada's protected area is classified as Categories lb and II and 
less than 3% in Categories III and IV (Table 4). By definition, PAs in Categories lb and II are large 
natural areas (e.g., national parks and wilderness reserves), and given the remote nature of much of 
Canada, it is perhaps not surprising that they make up a large percentage of the overall area protected. 
Conversely, PAs in Categories III and IV are usually small areas, because of their focus on protection of 
particular features (III) or requirement for active management interventions (IV). Hence, Canada's 
current division of protected area among these categories is in line with expectations given Canada's 
history, settlement patterns, and geography. However, there is little reason that Categories la, V, and 
VI should not have greater representation as they also require large areas to meet their management 
objectives (especially Categories la and VI). 



Figure 2. National map of ecozones with pie charts individually illustrating the breakdown of protected 
areas by ecozone into IUCN categories. Note: Ecozones differ with respect to the total amount of area 
protected (see Figure 3) [24], 

The spatial distribution of Canada's protected areas is noteworthy for its spatial unevenness. 
The size of PAs in all IUCN categories generally increases from east to west and from north to south. 
Hence, the ecozones of Canada have considerably differing amounts, proportions, and patterns of 
protection, ranging from the smallest amount of area in the southern Mixedwood Plains to the highest 
in the Southern Arctic. Furthermore, no one category is uniformly dispersed, for example. Categories 
lb and II are less abundant in the eastern ecozones (Taiga Shield East and Boreal Shield East). Only four 
of the eighteen ecozones have PAs in all categories and only Category II is present in all ecozones 
(Figure 2; Table 4), meaning that no single ecozone closely represents the national pattern. It could 
be expected that some PA categories would be less well-suited to some ecozones than others; for 
example. Category I PAs that are large wilderness areas would be difficult to establish in the populated 
Mixedwood Plains ecozone. Nevertheless, it would seem that managers could work at the ecozone 
scale to better diversify and/or rebalance PAs in light of neighboring ecozones or the national average. 
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4. Context for Expanding Canada's Protected Area in Forested Ecosystems 

Globally, terrestrial PAs have increased from covering just 3.45% of land surfaces in 1985 [33] to 
13% in 2010 [34], This expansion has been achieved through a variety of political, legal, and other 
effective avenues. Given the current extent of de facto protected areas [12], Canada has an opportunity 
to pursue many of these avenues to improve protection in its forested ecosystems. In this section, 
we discuss models of PA management and governance that involve a broad range of rights holders 
and stakeholders. We first provide international examples of how these approaches can be useful in 
PA system expansion in general and follow up with IUCN categories to target for PA expansion in 
Canada's forested ecosystems. We acknowledge that conservation contexts will vary among forested 
ecozones and what may be achievable in one ecozone, or subregion, may not apply elsewhere due to 
factors such as industrial allocations, land ownership patterns, and the evolving status of Aboriginal 
and Treaty rights and land use planning exercises [35]. 

4.1. Recent International Precedents for Expansion of Protected Areas 

Many nations have made commitments to expand terrestrial protected area systems, however 
progress has been limited [4[. For example, in 2004 over 80% of nations had signed the CBD, thereby 
committing to protect a portion of all of their ecoregions [36]. As of 2009, less than half of the terrestrial 
ecoregions had met the target of protecting 10% of each ecoregion by 2010 [4], Furthermore, only 33% of 
terrestrial ecoregions have met the more recent target of 17% protection by 2020 [34], At present, almost 
all nations have signed on to the CBD, with the exception of the USA who have signed but not ratified 
the treaty 1 . Some international examples of recent increases to PA systems are of particular interest, as 
these offer possible new opportunities or ways of understanding PA expansion. In Table 6, we share 
a few representative international case studies of PA expansion of relevance to Canadian conditions 
(Australia and Finland) and other innovative international examples that incorporate climate change 
adaptation and community participation (South America). 

Australian researchers have been active in conservation biology and biodiversity science for 
the past two decades [37]. Examples of recent innovations include (1) costing the expansion of PA 
systems [38] and (2) optimizing the allocation of resources between protecting intact habitats versus 
restoring degraded habitats in order to best facilitate the persistence of threatened species under 
climate change [39], Australia's terrestrial PA systems are noteworthy because of the large portion 
which is jointly managed with Indigenous peoples. Indigenous Protected Areas (IPAs) are defined by 
the Australian Government as areas: 

"of land and/or sea over which the Indigenous traditional owners or custodians have 
entered into a voluntary agreement with the Australia Government for the purposes of 
promoting biodiversity and cultural resource conservation." [40] 

IPAs made up 30% of Australia's total area protected in 2012 [41]. The IPA designation was 
formally recognized in 1997, and has expanded rapidly such that by 2011 there were 48 declared 
IPAs and another 40 IPA Consultation Projects underway [42], In theory, IPAs may qualify as any 
one of the seven IUCN management categories ranging from most to least natural conditions within 
PAs. In practice, many IPAs have nominated more than one IUCN category. The majority of IPAs are 
assigned to Categories V (16 IPAs) and VI (31 IPAs) incorporating human-nature interactions and 
sustainable resource use, respectively [42]. The remainder are assigned to Categories VI (11 IPAs), III 
(6 IPAs), and II (7 IPAs). IPAs have proven an effective avenue for recent and future growth of the 
Australian PA system [43]. 

Colombia, Ecuador, and Peru are three of seventeen mega-diverse countries identified by 
Conservation International and collectively comprise the majority of the Tropical Andes—a biodiversity 


1 https://www.cbd.int/information/parties.shtml (accessed on 19 October 2018). 
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hotspot with an exceptionally high concentration of endemic species [44]. These three countries 
are contiguous and adjacent with shared borders and interconnected habitats and ecosystems. 
Their respective national PA systems have all undergone rapid, recent expansions within their specific 
political, legal, and institutional contexts. They have launched a novel initiative to coordinate a collective 
learning process to develop strategies for climate change adaptation across their PA systems [45]. 

Finland, like Australia, has been innovative in systematic conservation planning and spatial 
conservation prioritization [46]. Recently, Finnish scientists have developed methods to optimize the 
expansion of PA systems by identifying areas that, if protected, would add the most complementary 
conservation value to existing PAs [47]. This acknowledges the reality of most conservation planning 
efforts which cannot ignore existing land use patterns and therefore must account for previous 
limitations, land use plans and existing protected areas in spatial conservation prioritizations (see a 
past paper [48] for a Canadian example). 


Table 6. International examples of protected area system expansion. 


Country 


Australia 


Columbia, 
Ecuador, Peru 


Finland 


Percentage of Increase in 

Protected Percentage of 

Terrestrial Area Protected Area from 
in 2012 1990 to 2012 


Lessons Learned 


12.85 


5.74 


21.18,23.73,19.06 1.89,1.88,14.33 


15.10 10.73 


Ability to subdivide private lands will greatly influence costs 
of PA expansion and may result in protection of some lands 
with lower conservation value [38]. 

Habitat protection is the primary action required to maintain 
threatened species with reference to climate change, although 
restoration plays an important role for some species and 
locations [39]. 

Comanagement of PAs with Indigenous groups, NGOs, 
and business organization should adapt based on ongoing 
evaluation of comanagement [43]. 

Transnational coordination of PA systems can improve the 
effectiveness of PA systems as they respond to climate change. 
Participatory zoning can integrate local people into PA 
management [49]. 

Comanaged public, private, and community-based PAs need 
management plans that define cooperation, coordination 
and participation frameworks for PAs and related buffer 
zones [50]. 

Spatial conservation priorities need to account for the quality 
and connectivity of existing PAs [47]. 

The majority of high-quality, unprotected forests (in southern 
Finland) are on privately owned lands [47]. 

Flexible, voluntary-based conservation agreements facilitate 
the recognition of private PAs by government PA agencies. 
Inverse spatial conservation prioritization can minimize the 
negative ecological effects of extractive resource use [51]. 


Source for all PA coverage estimates: IUCN and UNEP-WCMC [3]. 


4.2. Expansion through Recognition of New IUCN Management Categories and Governance Types 

As illustrated by the aforementioned international case studies, diversifying management and 
governance types represented in the PA systems can expedite and facilitate expansion [31]. There many 
ways that management and governance diversification can benefit PA system expansion [8]: 

• meeting expansion area targets faster by incorporating into official PA systems de facto protected 
areas and areas governed by indigenous peoples, the private sector, or shared governance; 

• building connectivity in PA networks by adding stepping stones and corridors that are not 
publicly owned lands; 

• improving the representativeness and adequacy of PA systems particularly in countries with a 
large proportion of private ownership; and 

• increasing the number of people involved in conservation which may lead to social acceptance 
and sustainability of the system. 
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The success of a diversified PA system will hinge on ensuring that all types of PAs prioritize the 
long-term conservation of biodiversity based on the ecological principles outlined earlier. 

Combinations of IUCN management and governance categories can be expanded into an IUCN 
Protected Area Matrix (see Table 7). Such a matrix helps to visualize and classify the diversity of PA 
types that can currently occur in a PA system [8]. It can also be used to consider options for expanding 
the PA system and for communicating these options to PA agencies and stakeholders. For example, 
this management-governance matrix could assist in the development of a management framework 
by filling in all applicable rows of a single column as though they represent nested management 
arrangements within a single PA or PA system. Nested within a national park, it is possible to define 
a species management area for a vulnerable species [23] or allocate land for sustainable resource 
use [49]. There is also a current IUCN adaptation possibility, akin to that of the USA, whereby US 
National Forests are classified as IUCN Category VI protected areas (Managed Resource Protected 
Area 2 ). This allows for some forest harvesting, but not comprehensive industrial activity. 

Based upon IUCN literature [8] and our understanding of management and governance types, 
shaded cells in the matrix highlight potential categories that could contribute to the expansion of 
Canada's PA system. These are presented as options for consideration, but not necessarily as exhaustive. 
The "Governance by indigenous peoples" column is highlighted as an ongoing avenue for expansion. 
Parks Canada is already recognizing the important governance role of aboriginal communities in a 
variety of PA types either autonomously or through shared governance. The one national park created 
in 2012-2013 was Naats'ihch'oh National Park Reserve in the Northwest Territories [23]. Aboriginal 
communities have developed comprehensive land-use plans that balance cultural and ecological 
values with opportunities for long-term economic development such as the Tla-o-qui-hat Tribal Parks 
(coastal British Columbia). 

Another key opportunity for expansion highlighted in Table 7 is "Private governance", informed 
by the South American and Finnish examples noted earlier. Indeed many more countries have 
identified private lands as priority areas for PA expansion including the United States, Paraguay, 
Costa Rica, Bolivia, South Africa, and New Zealand summarized in IUCN [8] and in Jackson and 
Gaston [52]. They are thought to have the potential to improve the representativeness and connectivity 
of PA systems [53,54], However, in Great Britain where PAs are not constrained to public lands 
(more than half of all PAs are on private lands), there is still biased representation of biodiversity 
surrogates within the PA system [52]. Biodiversity conservation on private lands may be improved 
by diversifying landowner engagement strategies beyond the two most common conservation tools: 
conservation easements and direct payment programs [55]. Current research is focussed on identifying 
when different conservation tools are most likely to be effective across diverse private lands (e.g., 
based on ecological dynamics and interactions between individual landholders [56]). More research 
is needed into the circumstances under which private PAs should be incorporated into national PA 
systems [8,57]. 


2 http://www.iucn.org/about/work/programmes/gpap_home/gpap_quality/ gpap_pacategories/gpap_category6. 
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Table 7. IUCN Protected Area Matrix. Light grey cells indicate key opportunities for expansion of 
Canada's PA systems. Source: Adapted from IUCN [8]. 
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4.3. Spatial Conservation Planning Opportunities to Enhance Canadian PA Systems 

As a large nation with extensive areas with little access or development [12], Canada has globally 
unique opportunities for using and implementing spatial conservation planning [9]. Powers et al. [48] 
reviewed scenarios for integrating accessibility and intactness into conservation planning in Canada, 
using the boreal forest region to illustrate how biological elements, costs, and size considerations 
can provide analytical criteria for implementation of spatial conservation planning scenarios and 
to inform prioritization. Beyond criteria-based spatial conservation planning. Powers et al. [58] 
conducted analyses to incorporate climate change projections and related impact upon vegetation into 
a Canadian boreal conservation assessment. Similarly, remote sensing and model-derived biodiversity 
indicators [59] were utilized by Holmes et al. [60] to show that climate change will alter the future 
vegetation characteristics expected in British Columbia, impacting the nature of protection offer by PA. 
Spatial data sets, especially those from remote sensing, offer unique opportunities for understanding 
not only landscape status and protection status but understanding what spatial differences in physical 
environments relate to biodiversity [61]. In general, these studies show that there is available 
information and methodological options to inform spatial conservation planning in Canada. 

Building upon the above insights and practical considerations, there are a number of 
strategies/pathways to increase representation and effectiveness goals for PA systems in Canada. 
We outline here some opportunities with Canadian examples where possible. 

Privately conserved areas are increasingly being recognized as a legitimate and effective 
governance type. They can play a role in increasing the representativeness and connectivity of PA 
systems, while at the same time engaging actors other than government, which increases conservation 
awareness and engagement, and ensures the long-term sustainability of the PA system. Examples 
of this PA type already exist in Canada. The province of Quebec is an example for incorporating 
private sector actors and NGOs in PA management. In Ontario, Oak Ridges Moraine land-use planning 
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process has protected long, wide corridors on private lands through negotiations between government, 
NGOs, and the private sector [62]. 

De facto protected areas [12] could be brought into formal PA systems. To meet IUCN constraints, 
these areas would have to be primarily managed for nature conservation with up to 25% managed 
for other compatible reasons, such as sustainable resource use [6]. Given that constraint, not all de 
facto protected areas could qualify as PAs, but could be considered as "other effective area-based 
conservation measures" [8]. For example, where conservation is an indirect outcome of other 
management goals, the area would not meet the IUCN PA definition. More northerly regions may 
readily meet IUCN PA definitional requirements, with more southerly areas subject to sustainable 
forest management requiring additional investigation. Of note, Canada has more than 167 Mha of 
managed forest lands under third party forest certification [63], with ecological considerations, via 
provision of ecosystem services, included as an element of certification. 

Zoning within and around PAs could enhance rather than expand the current PA system by 
improving its ecological integrity. Zoning within PAs could increase representation of different IUCN 
categories by creating strong protection zones within lower-level PAs and vice versa. For example, 
Algonquin Provincial Park has strong protection zoning for 12.6% of the total park area in the form 
of Natural Environment, Nature Reserve, Wilderness, or Historical zones. Another 65.3% of the total 
park area is zoned as Recreation/Utilization and includes a sustainable forest industry [64], Another 
example of PA's with multiple levels of protection is the UNESCO Biosphere reserve designation, of 
which there are currently 13 in Canada. Zoning around PAs provides a means to balance conservation 
and development across broader spatial scales and among diverse stakeholders and rights holders [65]. 
Creating buffer or multiple-use transition zones can help maintain the ecological integrity of PAs [13]. 
Zoning for ecological corridors through developed areas will also be important to allow species to 
move among PAs to meet their resource requirements or to track suitable habitat as the climate changes. 

5. Expansion Scenarios for Canada's Protected Area Systems: An Example in the Boreal 

The protected area targets suggested specifically for Canada range from 12% [66,67], to 20% [68], to 
50% [69]. Canada's PAs are neither balanced in terms of total amount protected, proportion protected, 
nor balance among IUCN types. For the boreal region specifically, the balance among IUCN types 
differs substantially across the ecozones (Figure 3b). Two notably large and underprotected ecozones 
are Boreal Shield East and Taiga Shield East, which currently protect 7% and 3% of their large areas 
respectively. Expansion to the current 17% federal target [14] in these ecozones is made possible 
by the de facto opportunities for protection in the boreal relative to the more heavily populated 
areas further south [12,48], which may have more restrictive pre-existing land-use commitments [9]. 
The 17% scenario currently under consideration represents more than a doubling of the 8% of the 
boreal currently under protection (Figure 3a). 

Due to political, economic, and social factors that are a necessary part of conservation in practice, 
there are circumstances in which a government may be limited in its ability to employ systematic, 
quantitative methods for identifying areas for protection. In those cases, governments may consider 
other approaches to guide the expansion of PA systems. Two potential approaches (among many) 
towards expanding Canada's protected areas would involve (i) expanding the area of existing IUCN 
categories or (ii) expanding the range of IUCN categories within the PA system (while also increasing 
the area under protection). The first approach would maintain the same types of IUCN categories 
that are currently found within each ecozone, and focus on expanding the areas represented by each 
of these categories. For the boreal example, this would result in more IUCN category lb (wilderness 
areas) and II (national parks), as these are currently the most prevalent IUCN categories currently 
found in the boreal. An alternative approach would be to broaden the range of IUCN categories that 
are currently represented in each ecozone, thereby introducing new models of protection that are 
tailored to regional conditions. 
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Figure 3. IUCN management categories for PAs in boreal ecozones, aiming to show balance among 
IUCN types. The stacked bar for each ecozone shows (a) the proportion by total amount of protected area 
found in each boreal ecozone ([9] and (b) the proportion by amount of protected area in each ecozone. 


6. Opportunities and Conclusions 

Currently, PA systems in Canada are dominated by relatively large PAs with strict protection 
in comparison with other countries. This is especially true for protection in Canada's forested 
ecosystems where Categories lb and II make up 80% of all PAs and 34 PAs are larger than 3000 km 2 [9]. 
Nonetheless, only a small fraction of PAs in Canada meet the size requirements to maintain minimum 
viable populations of large, wide-ranging mammals or to protect landscape dynamics and natural 
disturbance regimes [9], A resilient PA network consists of multiple types of PAs including a system of 
representative core areas, corridors, stepping stones, and buffers. In this research, we posit that strategic 
expansion of protection in Canada could benefit from diversification of PA types to make greater use 
of less restrictive PA types (IUCN Categories V and VI). This would extend biodiversity conservation 
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values across the landscape while strengthening connections among existing PAs. We encourage an 
ongoing dialogue about PA system diversification by providing Canadian interpretations of IUCN 
management and governance categories for PAs along with Canadian and international examples 
of their application. Towards this goal, our synthesis of the literature and current context in Canada 
indicated the following opportunities. 

1. Canadian interpretation and implementation of IPA 

International examples of IPA offer insights for implementation in Canada. National circumstances 
inform the nature of governance possible from IPA. For instance, agreements between Indigenous 
traditional owners or custodians in Australia have resulted in voluntary stewardship agreements 
that now result in 30% of national PA. The IPA designation is relatively new, with formal recognition 
in 1997, leaving opportunities for definition and implementation in a Canadian context. IPA can be 
created over a number of IUCN categories, although most frequently those (e.g.. Categories V, VI) that 
allow for some human-nature interaction or sustainable resource use. 

2. Identify and augment private PAs 

An important next step to inform PA system diversification will be to identify opportunities 
for private PAs. We propose mapping privately owned lands within de facto PAs [12] to determine 
candidate private PAs. As a second step, the map of candidate PAs should be assessed for their 
complementarity to the existing PA portfolio [47], particularly within its ecozone. This assessment 
would be based on the degree to which candidate PAs contribute to the representativeness and 
effectiveness of the PA system and their degree of irreplaceability. Private lands offer opportunities 
for PA expansion through provision of habitat and harbors for endangered or threatened species [70]. 
Knowledge of the ecological contribution of private lands can be combined with cultural, economic, 
and sociopolitical considerations to designate new PAs. 

3. Clarify IUCN categories of PAs 

Reporting IUCN categories for PAs is particularly challenging because the data is dispersed across 
the different governing agencies, noting that there are guidebooks to help standardize the assignment 
of IUCN categories [6,28]. However, despite best efforts, the present assignment of protected areas 
to IUCN categories globally does not correspond to the expected gradient of naturalness [29]. 
The management and governance categories discussed herein can help to enhance biodiversity 
representation and persistence by identifying balanced solutions when working with diverse rights 
holders and stakeholders, as well as considering formalizing protection of large, de facto PAs. Future 
work will also require assigning PAs to governing categories that may prove even more challenging 
since PA governance may be subject to change over time. 

4. Value connectivity in PA assessments 

Maintaining and enhancing the connectivity of protected landscapes will be critical as 
climatic change redistributes species habitats [71] and alters the frequency, extent, and intensity 
of disturbances [72], This may be especially (though not exclusively) relevant in boreal regions, where 
disturbances can be large and contiguous [73]. For species to respond to climate-induced changes 
and maintain viable populations, PA systems must be conscious of the evolutionary continuum [74] 
and designed to allow for broad-scale traversability of the landscape. Improving the connectivity 
among PAs is a way to increase the persistence of biodiversity across the network of PAs. Recent work 
across large areas, including with Zonation [47,75] and circuit theory [76-78] point toward spatial data 
informed decision support tools that explicitly consider a variety of measures of connectivity. 

5. Consider tradeoffs 

Systematic conservation planning [79] will require the a sophisticated understanding of a wide 
number of tradeoffs among multiple actors. As planners contemplate PA expansion, they can consider 
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some of the following tradeoffs: biodiversity representativeness versus ease of implementing protection 
across different ownerships; the economic costs of implementing protection on private lands and 
public perception of payments; the tradeoff between connecting existing PAs versus protecting isolated 
but important habitats; tradeoffs between megafauna-heavy conservation areas and other important 
ecological criteria; tradeoffs between different aspects of biodiversity; and tradeoffs between known 
critical needs of today versus the less certain estimated needs of tomorrow. 

6. PA data 

Any future research extending the scope of this research should begin by revisiting the PA data 
used for this analysis. Conservation Areas Reporting and Tracking System [24] is the primary source 
for information on Canada's PAs. It is unclear, however, to what extent this source is consistent with 
other sources such as Environment Canada's Environmental Indicators on Protected Areas and the 
World Database on Protected Areas. Many countries are currently in the process of putting in place 
formalized reporting structures for PAs. Canada is relatively advanced in this regard although we 
suspect that the reporting of private PAs is less consistent than that of public PAs. 

Protection of natural spaces for habitat, wildlife, and provision of ecosystem services are an 
important component of land and forest management. Given the stated national target, that "by 2020, 
at least 17% of terrestrial areas and inland water are conserved through networks of protected areas 
and other effective area-based conservation measures" [5] (p. 45); this is a critical period in the history 
of Canadian land/water management. Ongoing technological advances in remote sensing, GIS, and 
modeling have made it newly possible to analyze the state of Canada's many landscapes, model the 
impacts of management decisions, and plan for the future. As a number of different stakeholders and 
rights-holders collaboratively map current and future land uses onto forest landscapes, science-based 
conservation targets and spatial prioritizations must be ready and accessible to inform this process. 
To this end, we have provided an overview of the theoretical framework of spatial conservation 
prioritization rooted in ecological concepts. By synthesizing the relevant literature in the Canadian 
context, our objective was to highlight the opportunities available to expand protected areas in Canada, 
while also broadening engagement and recognizing that conservation is not one-size-fits-all. This work 
offers a source of options and opportunities to inform conservation agencies with ideas, options, and 
approaches to expand Canada's PA systems. Multiple actors and agencies, each working within their 
own stewardship constraints and opportunities, can combine to respond to the stated national priority 
of protecting more of Canada's natural area. 
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Abstract: Protected areas are considered the cornerstone of biodiversity conservation, but face 
multiple problems in delivering this core objective. The growing trend of framing biodiversity and 
protected area values in terms of ecosystem services and human well-being may not always lead 
to biodiversity conservation. Although globalization is often spoken about in terms of its adverse 
effects to the environment and biodiversity, it also heralds unprecedented and previously inaccessible 
opportunities linked to ecosystem services. Biodiversity and related ecosystem services are amongst 
the common goods hardest hit by globalization. Yet, interconnectedness between people, institutions, 
and governments offers a great chance for globalization to play a role in ameliorating some of the 
negative impacts. Employing a polycentric governance approach to overcome the free-rider problem 
of unsustainable use of common goods, we argue here that REDD+, the United Nations Framework 
Convention on Climate Change (UNFCCC) climate change mitigation scheme, could be harnessed to 
boost biodiversity conservation in the face of increasing globalization, both within classic and novel 
protected areas. We believe this offers a timely example of how an increasingly globalized world 
connects hitherto isolated peoples, with the ability to channel feelings and forces for biodiversity 
conservation. Through the global voluntary carbon market, REDD+ can enable and empower, on the 
one hand, rural communities in developing countries contribute to mitigation of a global problem, 
and on the other, individuals or societies in the West to help save species they may never see, yet feel 
emotionally connected to. 

Keywords: carbon finance; global commons; jurisdictional; nested approaches; public goods 


1. Globalization, Biodiversity, and Protected Areas 

Globalization can be a confusing term because it typically represents several different processes 
occurring simultaneously across the world. Perhaps its most universal notion is that of allowing 
goods, ideas, capital and to some extent people to move more freely, but not necessarily equally, 
between countries [1,2]. The process of integration and interaction among people, organizations, 
institutions, and governments of different nations, largely driven by cheaper or better coverage and 
penetration of Internet connectivity and increasing accessibility and affordability of modern transport 
is unprecedented. This is also supported by other enablers like technology and advancements in 
international policy. It is even reflected in research, where funding bodies increasingly have calls for 
consortia involving partners from multiple countries, often prizing collaborations between institutions 
in the North and South [3]. 

While globalization can bring much needed innovation, technology, jobs, and other resources 
to areas where there is scarcity, for the environment and natural resources, the ever-increasing 
connectedness comes with an attendant risk of externalizing costs, e.g., related to resource extraction 
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and waste disposal [4]. Positive bends in national environmental Kuznets curves that suggest that as a 
country grows wealthier it reduces its resource-use intensity, may in fact only reflect externalization 
to other regions [5,6]. For instance, millions of hectares of agricultural land in developing countries, 
particularly in sub-Saharan Africa and Latin America, have been sold or leased to help meet the rapidly 
growing global demand for food and other bio-resources [7,8], with potential ramifications for local 
communities and the environment [9]. 

Consequently, globalization has mixed effects on the environment, culture and livelihoods 
of human and non-human societies around the world [10], and remains a deeply polemic topic. 
To some, it allows poor countries and/or people to grow economically and raise their standards 
of living, but others claim that it largely benefits multinational corporations at the expense of local 
people, cultures, enterprises, and environments due to a lack of adequate structure and controls; 
for instance, exports of agricultural products have been found to be correlated with forest loss with 
local consequences [11]. Indeed, globalization is considered as a major driver or enabler of major 
environmental and biodiversity damage due to increased consumption, production, movement of 
goods and associated greenhouse gas (GHG) emissions [2,6,12], To exploit the opportunities presented 
by globalization for biodiversity conservation, there is a need to understand how it works and how 
the problems come about, before we can consider where potential solutions may lie. 

Protected Areas (PAs)—defined as geographical spaces, recognized, dedicated, and managed, 
through legal or other effective means, to achieve the long-term conservation of nature with associated 
ecosystem services and cultural values [13]—are considered important tools for the conservation of 
biological diversity, and cornerstones of sustainable development strategies [14], PAs assume several forms 
and diverse governance systems (either government/public, private/NGO, communities/indigenous 
groups or mixture of these), with two categories on the IUCN classification (V and VI) explicitly building 
in a human element to the protection of biodiversity, including culture, aesthetics and sustainable use [13]. 
PAs increased by more than 50% between 1990 and 2010 [15], but without a concomitant increase in public 
funding for their operations [16]. With the realization that PAs are consequently not as effective as they 
could be, novel means for funding them have been suggested (e.g., [17]). Besides funding, various forms 
of incentives are required to both directly or indirectly support the biodiversity conservation goals of 
PAs. This can be directly by improving operations within the PAs themselves, or indirectly by improving 
connectivity and reducing threats emanating from the landscapes surrounding the PAs. 

2. Polycentric Solutions to Common Resource Problems 

For globalization to avert some of these associated biodiversity problems, appropriate safeguards 
are required [12], Such safeguards can range from secure property rights, better transparency and 
accountability, effective anti-corruption measures, and participation through free, prior, and informed 
consent (FPIC) [18,19]; sustainability certification is also growing in popularity, but impacts remains 
unclear or controversial [20,21], Nonetheless, implementing these safeguards in some form is becoming 
an increasingly required and normal way of conducting business across many sectors (e.g., see [22]). 

Such safeguards notwithstanding, globalization presents an additional unique problem for 
biodiversity conservation. The tragedy of the commons principle [23] suggests that common pool 
resources will almost always be overused in situations where any benefits are gained individually while 
the costs are shared communally. Natural resources like biodiversity generally fit snugly to this original 
definition of common pool resources. Overexploitation of fisheries provides a poignant example where 
scientific work points to clear problems and recommended solutions, yet human institutions seem 
incapable of implementing such solutions [24], Amongst other issues, this can be attributed to the 
tension between individual (often short-term) benefits and group (often long-term) costs [25]. Likewise, 
when examining a historical microcosm of today's global dilemmas, Jared Diamond mused what the 
Easter Islanders said as they cut down the last trees, dooming themselves to a canoeless future and 
consequent extinction: did they say "we'll wait until the others stop" [26]? 
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In his book The Logic of Collective Action, Olson explained how beyond a given group size or 
number of people involved in a system—from tax payment to natural resource conservation—social 
links that ensure people work for the common good or fulfil their responsibilities start breaking 
down [27], This is an enduring problem for environmental and biodiversity conservation, one that 
is accentuated by globalization. In his valedictory speech, Robert May [28] showed how cooperative 
systems—from marmots' sentry to humans' vaccinations—are vulnerable to 'cheating', whereby 
individuals enjoy the group benefit without incurring the costs. Such 'cheats' prosper in evolutionary 
terms, which makes it difficult for the cooperative benefits or system to be maintained. Only when such 
free riders (analogous to social and environmental externalities) are fully accounted for or excluded, 
will the net benefits of globalization be more uniformly and equitably felt and distributed across 
group members. 

Elinor Ostrom in Governing the Commons, methodically laid out an eight-point plan on how to 
overcome some of these common-pool resource (CPR) problems, based on an extensive analysis 
of diverse systems [29]. Her eighth point on the eight-point plan specifically addressed CPRs 
that were part of larger systems where she argued that appropriation, monitoring, enforcement, 
conflict resolution, and governance activities would need to be organized in multiple layers of nested 
enterprises. In other words, there is need to design a system that builds responsibility for governing 
the common resource in nested tiers from the lowest level up to the entire interconnected system. 

For climate change, she argued that single policies adopted only at a global scale were unlikely to 
generate sufficient trust among citizens, institutions and governments, so that collective action can take 
place in the inclusive and transparent manner necessary to reduce global warming [30]. She suggested 
that polycentric governance, founded upon the principle of subsidiarity, provided the potentially 
viable way to overcome this challenge [31]. It resolves the scale problem since it involves having 
multiple foci that are consistent with the various levels that decisions are made. It is worth noting here 
that polycentric governance does not allude to levels of government simply carrying out orders from 
those at higher levels; it requires a certain level of independence, as well as interdependence between 
governance institutions and organizations at various levels [32]. 

3. The Globalization, Biodiversity and REDD+ Nexus 

Ecosystem goods and services range from the most tangible ones, like food and fiber, to least 
tangible and abstract ones, like options and existence values [33]. Because they also occur in a 
continuum from private to public based on ability to exclude other users, the requirements for their 
provision and conservation varies significantly, which reflects in the values placed on them [34]. 
Real or perceived scarcity can be used to partly explain the paradox of valuation, e.g., whereby water 
is essential but cheap and diamonds non-essential but expensive [35]. In essence, whether someone 
pays or is willing to pay for a given good or service, is based upon how they believe they benefit from 
paying for it, and whether they can get away with enjoying the benefit without paying the price [34], 
Ecosystem services related to global warming, public forests and biodiversity (both tangible and 
intangible values), remain very susceptible to overuse. Yet, they also have the greatest potential for 
showing how polycentric governance might work towards resolving globalization problems associated 
with free-riding. Towards this, global warming could be considered superior to biodiversity because it 
more directly completes both sides of the user-provider equation: 

• User: I know that I directly contribute to global warming through GHG emissions, e.g., by driving 
to work every day. For the large part, this is unlike biodiversity conservation whereby most 
people's contribution to the global biodiversity problem is more indirect, e.g., through externalities 
across supply chains, and not directly by, say, poaching. 

• Provider: Notwithstanding what my neighbour opts to do, because of my direct contribution to the 
problem, I know that my doing something about it, like driving less or offsetting, also contributes 
directly to solving a small part of the problem. 
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Nonetheless, even this does not fully assuage the fear that, because I do not know what my 
neighbour shall do, assuming they are gaming the system and not reducing their emissions, then there 
is no point in me doing anything because we will be equally (adversely) affected. This is where 
the polycentric approach comes in, with multiple scales of active oversight to ensure wide-ranging 
compliance [30]. One of the avenues by which such a poly centric approach can be implemented to 
solve some of the globalization-driven biodiversity problems is through the proposed nested REDD+ 
process (e.g., [36]). 

3.1. REDD+ and Biodiversity Conservation 

Reduced Emissions from Deforestation and Degradation, Improved Forest Management and 
Afforestation, Reforestation and Revegetation (collectively referred to as REDD+), is a climate change 
mitigation scheme under the United Nations Framework Convention on Climate Change (UNFCCC) 
to help stem destruction of the world's tropical forests, by offering financial incentives to forest-right 
holders not to cut down trees [37]. It is a quintessential product of globalization, fully relying on 
actions at the global or regional levels, whether through carbon markets or other forms of global 
climate financing, to drive solutions at the global, national, and local levels [38]. Besides simply 
reducing CO 2 emissions, REDD+ also introduces an opportunity for climate financing to enhance 
biodiversity conservation, secure ecosystem services, and improve rural livelihoods [39]. Various 
international standards exist to ensure that biodiversity and social impacts are accorded the appropriate 
importance during implementation of REDD+ projects, at par with the carbon emissions reduction 
goal [40]. As a caveat, the appropriate regulatory framework is needed to ensure that multiple goals 
are considered, especially when areas of high biodiversity richness do not align with potential for 
reducing emissions [41]. 

Depending on the nature and source of threats, REDD+ operates across the four PA governance 
typologies mentioned earlier—namely public/government, private/NGO, community/indigenous 
peoples, and a mix of these. It operates on discrete and defined land units, which may be part of 
classic PAs (falling in any one of the six IUCN management categories), or other lands which may 
not fit snugly into these but come under some form of protection and conservation through REDD+ 
activities. While this can directly enhance biodiversity conservation in designated or gazetted PAs, 
its major strength perhaps is through indirectly propping these PAs by helping conserve adjacent and 
surrounding landscapes, which enhances the PA conservation goals through improved movement 
and connectivity, reduced threats, and expanded habitat for wide-ranging species not easily confined 
into PAs. 

Ensconced in the expansive Tsavo Conservation Area, the Kasigau Corridor REDD+ Project 
(KCRP) in SE Kenya offers a good example. The KCRP comprises privately-owned land units classified 
as group ranches straddled by the Tsavo East and Tsavo West National Parks [42,43]. These group 
ranches were part of a contiguous ecosystem with the two Tsavo National Parks and hence, although 
not formally designated as wildlife protection areas, they still remain vital habitat and dispersal areas 
(including corridors) especially for wide-ranging species such as the African Elephant Loxodonta africana 
and African Wild Dog Lycaon pictus [44,45]. In this case, the role of the REDD+ project in protecting 
critical wildlife habitat and corridor is evident, which also improves protection for other species [46]. 

Global efforts to develop national REDD+ programmes indicate that various countries are 
designing their programs to deliver positive biodiversity impacts from REDD+. Yet, because most 
these national programs are still in their infancy their biodiversity goals, planned conservation 
actions, and monitoring plans remain relatively unclear. Only a few countries such as the DRC and 
Costa Rica explicitly indicate their biodiversity goals and actions in their National REDD+ Strategy 
documents [47]. These countries further build into their national strategies detailed guidance on how 
their strategies intend to generate positive biodiversity impacts. This is largely through voluntary 
safeguard frameworks, such as the REDD+ Social and Environmental Standards and multiple-benefit 
standards designed for forest carbon projects. 
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3.2. The Polycentric Approach Extends this Nexus 

Sub-national or national approaches to REDD+ have been extolled over project-level REDD+, 
mainly due to the potential for broader accounting of leakage [48]. Yet, project-level approaches confer 
two key advantages: besides enabling early involvement and experimentation, they allow for wide 
participation by a cross-section of stakeholders including the private sector. This aligns well with 
the stated advantages of polycentric approaches to conservation [32]. Fittingly, a nested (polycentric) 
scheme that combines both national and project level approaches has been deemed the most flexible 
mechanism towards delivering core REDD+ goals [49,50] (Figure 1). 


International REDD+ incentives — financing 
or crediting 
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Figure 1. Alternative nesting strategies for capturing and distributing international REDD+ incentives. 

In the nested approach, rather than going directly to projects ("Projects 0 "), REDD+ financing passes 

through either national or sub-national government levels before cascading to projects (Projects 1,2 ' 3 j. 

Such systems must carefully combine elements of top-down and bottom-up approaches [51]: 
top-down to ensure no double-counting and bottom-up to ensure that there is enough incentive to 
undertake the REDD+ actions required on-the-ground [52]. Nested or polycentric REDD+ helps 
sidestep potential free-rider problems at both the local and higher levels. First, having independent 
projects (through any of the four options in Figure 1) at the lowest scales ensures that drivers of 
deforestation are addressed at source, where it is relatively easy to apply the social pressures and 
economic incentives needed to ensure comprehensive compliance. Second, when this is linked to 
a higher jurisdictional level that builds up to the national level (project options 1, 2 & 3, Figure 1), 
it ensures that jurisdictions and governments also contribute to the process, by formulating and 
implementing the complementary policy and regulatory instruments needed to stem forest loss and 
retain the system's overall integrity [53]. 

4. Conclusions 

While commitments to reduce emissions at the local or national levels will be necessary for 
coping with the climate change problem, most climate policy is still focused at the global level towards 
clinching global agreements. Given that international agreements are both difficult to clinch and remain 
susceptible to free-rider problems, a polycentric approach at various levels with active oversight of 
local, regional, and national stakeholders could hold greatest promise for success. Nested or poly centric 
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REDD+ schemes help avert potential free-rider problems by engendering small- to medium-scale 
action, as well as monitoring and reporting at all levels. 

Further, REDD+ has the potential to harness resources for PA management and biodiversity 
conservation by using the appeal of GHG emissions as a more amenable global commodity. Using 
carbon to build polycentric policy frameworks and infrastructure could facilitate future development 
of a similar system for biodiversity. The power of globalization enables a rural farmer in Kenya to play 
a role in global climate change mitigation, while a social worker in downtown New York can help 
conserve the elephants in Africa. These persons need never meet, need never directly experience the 
impacts of climate change or the delight of seeing an elephant in the wild, but their worlds remain 
intimately connected. Now, thanks to these global schemes, they can begin positively influencing one 
another for the betterment of all. 
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Abstract: This article provides analysis of the issues relating to movement towards new models for 
Indigenous-led conservation in light of Canada's initiatives for greater protected areas representation 
through Target 1. We provide a background on Canada's Pathway to Target 1, which is based on 
Target 11 from the Aichi Biodiversity Targets set forth by the Convention on Biological Diversity 
(CBD). We contemplate the past, present and future of colonization and reconciliation in Canada, and 
consider the influence of international declarations, programs and initiatives on the potential for the 
formation of Indigenous Protected and Conserved Areas (IPCAs). We then provide an analysis of 
"wicked problems" that Indigenous communities, governments, and other stakeholders in protected 
areas will need to navigate towards implementing the IPCA approach in Canada. We outline the 
different types of Indigenous involvement in protected areas and how they potentially fit within 
the principles for the development of IPCAs. We then turn our discussion to the need to refocus 
conservation on reconciliation by restoring nation-to-nation relationships and relationships between 
the land and peoples. The lessons we draw have potential parallels for other nation states, particularly 
those signatory to the CBD and with a colonial history, aiming for biodiversity conservation and 
reconciliation with Indigenous peoples through IPCAs. 

Keywords: biodiversity; conservation targets; protected areas; Indigenous peoples; IPCAs; 
reconciliation; Aichi Biodiversity Targets 


1. Introduction 

Events over the last two decades have significantly changed the landscape for conservation, 
protected areas, biodiversity protection, as well as the individual and collective rights of Indigenous 
peoples. One of the markers of this significant shift in the conservation paradigm is the Durban 
Accord, which was adopted by the International Union for the Conservation (IUCN) at the V th 
IUCN World Parks Congress in Durban South Africa in 2005. The IUCN is the world's largest 
conservation organization, bringing together 1300 member organizations, including governments, 
non-governmental organizations (NGOs) and communities from across the globe to address the most 
pressing conservation issues [1]. The Durban Accord represents a historical moment in conservation 
and the human rights movement and identifies a "new protected areas paradigm", which not only 
rejects many long-held assumptions, policies and practices, but perhaps more importantly proposes 
an entirely different method for establishing, governing, and managing national parks and protected 
areas [2], This new paradigm directly confronts and works to decolonize colonial conservation [2]: 

In this changing world, we need a fresh and innovative approach to protected areas and 
their role in broader conservation and development agendas. This approach demands the 


Land 2019, 8, 10; doi:10.3390/land8010010 


151 


www.mdpi.com/journal/land 



Land 2019, 8 ,10 


maintenance and enhancement of our core conservation goals, equitably integrating them 
with the interests of all affected people. In this way, the synergy between conservation, 
the maintenance of life support systems and sustainable development is forged. We see 
protected areas as vital means to achieve this synergy efficiently and cost-effectively. We 
see protected areas as providers of benefits beyond boundaries—beyond their boundaries 
on a map, beyond the boundaries of nation states, across societies, genders and generations. 

[3] (p. 220) 

Coinciding with the Durban Accord, new approaches to governance of protected areas have been 
emerging globally and have brought greater equity into governance systems with mixed outcomes. 
Such approaches have been vexed by a variety of issues relating, but not limited to, power sharing, 
capacity building, and navigating legal frameworks and jurisdictions [4], Concurrent with the 
challenges of bringing greater equity into protected areas' governance systems are the challenges of 
developing new strategies for protecting the planet's unprecedented losses of biodiversity [5], In 2010, 
the Tenth meeting of the Conference of the Parties to the Convention on Biological Diversity (CBD) 
adopted a revised Strategic Plan for Biodiversity, which included the launching of the Aichi Biodiversity 
Targets [6]. The Aichi Targets, as they are commonly known, include 20 individual targets, which are 
meant to be achieved by the parties of the CBD by 2020. In a delayed response to the Aichi Targets, 
Canada established a series of national goals known as "The 2020 Biodiversity Goals and Targets for 
Canada" [7]. Aichi Target ll 1 is partially reflected within Canada Target 1, which states: 

By 2020, at least 17% of terrestrial areas and inland water, and 10% of marine and coastal 
areas of Canada are conserved through networks of protected areas and other effective 
area-based measures. [7] (p. 23) 

In addition to attempting to advance Target 1, the Government of Canada is also attempting to 
move forward with reconciliation efforts and putting into practice the Truth and Reconciliation 
Commission's Calls to Action (described in greater detail in Section 3.1) as well as the United 
Nations Declaration on the Rights of Indigenous Peoples (UNDRIP). In 2017, the Indigenous Circle of 
Experts (ICE) was invited, created and their collective work commemorated by national Indigenous 
organizations and federal, provincial and territorial jurisdictions engaged in the Pathway to Target 
1 [8,9], The members of the ICE were tasked with examining how Canada Target 1 and consequently 
Canada's global commitment to the CBD could be met in an equitable manner, including the 
development of Indigenous-led conservation, which ICE would come to call "Indigenous Protected 
and Conserved Areas (IPCAs)" [8] (p. iii). In the Spring of 2018, the ICE released a report entitled 
We Rise Together: Achieving Pathway to Canada Target 1 through the creation of Indigenous Protected and 
Conserved Areas in the spirit and practice of reconciliation [9]. 

Our paper reflects on the We Rise Together report as a monumental shift in Canada's guiding 
frameworks for protected areas. We explore how the proposed IPCAs relate to international 
biodiversity conservation targets, Canada's Target 1, the context of complex histories and relationships 
between Indigenous peoples and the Canadian government, and national and international guidance 
on protected areas. We provide an analysis of the "wicked problems" that Indigenous communities, 
governments, and other stakeholders in protected areas will need to navigate towards implementing 
the Indigenous-led approach in Canada. These issues are of relevance to other nations grappling with 
implementing Indigenous-led protected areas in the context of international biodiversity conservation 
targets, particularly those with a colonial history of dispossession of Indigenous territories and 
displacement of Indigenous peoples for colonial purposes, including protected areas. 


1 Aichi Target 11 reads, "By 2020, at least 17 per cent of terrestrial and inland water areas and 10 per cent of coastal and 
marine areas, especially areas of particular importance for biodiversity and ecosystem services, are conserved through 
effectively and equitably managed, ecologically representative and well-connected systems of protected areas and other 
effective area-based conservation measures, and integrated into the wider landscape and seascape" [6] (p. 9). 
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2. Protected Areas in Canada, Aichi Biodiversity Targets and Canada's Pathway to Target 1 

The Government of Canada has adopted the IUCN definition of a protected area as: "a clearly 
defined geographical space, recognized, dedicated and managed, through legal or other effective 
means, to achieve the long-term conservation of nature with associated ecosystem services and cultural 
values" [7,10]. Once an area has been identified as a protected area, one of the IUCN's seven protected 
area management categories may be applied to further define the parameters of protection and use for 
the area [10]. The wording "legal or other effective means" is important for the establishment of IPCAs 
in Canada because it provides a mechanism through which IPCAs can be recognized and reported 
without being co-opted by traditional colonial models for protected areas, which is an important aspect 
of self-determination [11]. The international policy discourse, put forth by the IUCN, clarifies that 
"other effective means" of conservation can refer to "recognized traditional rules" [10]. 

Language exists to describe what "other effective area-based conservation measures" (OECMs) 
entail in the context of Aichi Target 11 and thus of relevance to Canada target 1, and draft guidelines 
have been released by the IUCN-World Commission on Protected Areas (WCPA) [12]. The inclusion 
of OECMs in Aichi Target 11 acknowledges that "... areas outside the recognized protected area 
networks also contribute to the effective in-situ conservation of biodiversity .... [including] territories 
and areas governed by ... Indigenous Peoples ... , and shared governance" [12] (p. 11). Whereas 
protected areas have conservation as a primary objective, an OECM "should deliver the effective in-situ 
conservation of biodiversity, regardless of its objectives" [12] (p. 14, emphasis added). Protected area 
practitioners and scholars have expressed concern about the lack of a precise definition for OECMs 
potentially leading to inconsistent designations, which fall short of conservation objectives [13-17]. 
For example, Lemieux et al. [15] demonstrated how this concern became a reality in Canada when the 
Department of Fisheries and Oceans designated marine refuges as OECMs even though these areas are 
left exposed to external industrial pressures. Accordingly, newly drafted international guidelines aim 
to provide sufficient information for interested parties to apply the OECM concept and to recognize 
these areas in reporting to the CBD [12]. Such guidance should support good practice in establishing 
IPCAs in Canada, regardless of their primary objectives, and in recognizing Indigenous peoples, 
territories and governments and their roles, responsibilities and contributions to effective in-situ 
conservation of biodiversity. 

The prominence of Aichi Target 11 has resulted in Canada's establishment of Target 1, which 
initiates the race to meet area-based quantitative targets by 2020, with a risk of insufficient consideration 
of qualitative aspects [14,15], including those relevant to IPCAs. MacKinnon et al. (2015) [14] pointed 
out that, in Canada's Fifth Report to the CBD, the qualitative aspects of Target 11 are not evaluated, and 
thus there is a sole focus on the quantitative aspects. While establishing greater area of protection 
is important, emphasis on an area-based focus has resulted in a proliferation of parks that lack 
demonstrable conservation impact and leave many questions around how Indigenous peoples might 
play meaningful roles in the future of protected areas [15-17]. Canada's focus on Aichi Target 11, has 
also led to the neglect of other Aichi Targets that could serve as important guidelines for structural 
changes leading to meaningful Indigenous involvement and leadership in protected areas. Of the 
20 Aichi Targets, Aichi Targets 14 and 18 speak the most directly to Indigenous peoples. Target 14 states: 

By 2020, ecosystems that provide essential services, including services related to water, and 
contribute to health, livelihoods and well-being, are restored and safeguarded, taking 
into account the needs of women, indigenous and local communities, and the poor 
and vulnerable. [6] (p. 9) 

Target 18 also has significant implications for Indigenous peoples and reconciliation in Canada: 

By 2020, the traditional knowledge, innovations and practices of indigenous and local 
communities relevant for the conservation and sustainable use of biodiversity, and their 
customary use of biological resources, are respected, subject to national legislation and 
relevant international obligations, and fully integrated and reflected in the implementation 
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of the Convention with the full and effective participation of indigenous and local 
communities, at all relevant levels. [6] (p. 9) 

Collectively Targets 14 and 18 have significant implications for Indigenous peoples and 
reconciliation in Canada. Both international guidance [18,19] and the ICE report clearly state that 
IPCAs should be Indigenous-led, and as such IPCAs should allow for the integration of traditional 
knowledge in defining conservation and sustainable use for those communities. Thus, it should be 
called into question whether the "equitable" management goal within Target 11 could be achieved 
in IPCAs without the inclusion of Targets 14 and 18. To support the achievement of multiple targets, 
it will be important that indicators for each be developed and equally considered. In their evaluation 
of Aichi Target progress, Tittensor et al. [20] noted that there are no identifiable indicators for Target 18, 
suggesting an urgent need for the development and integration of indicators across targets. 

3. Past, Present and Future: Canada's Colonial History and Guiding Frameworks for Indigenous 
Protected and Conserved Areas (IPCAs) 

The increasing prominence of Indigenous-led protected areas, combined with heightened 
discourse and action on reconciliation efforts in Canada, presents an opportunity to achieve 
conservation and reconciliation concurrently. This explicit connection between the status of Indigenous 
peoples' culture and nature is clearly acknowledged in We Rise Together. As Eli Enns, Co-Chair of 
the ICE, states, "Whenever you find intact ecological biodiversity, you find intact, thriving, cultural 
holistic diversity" [9] (p. 73). Similarly, Niigaan Sinclair, Anishinaabe professor of Native Studies at the 
University of Manitoba, observes, "You can't have a bear clan with no bears. Indigenous nations know 
this. It's called diversity. Canada's built on it. We just need to remember who gave us it" [21] (n.p.). 

Modern frameworks for IPCAs demonstrate due consideration of important facets of 
reconciliation (such as Indigenous-led), which, if applied correctly, may serve as a pathway to 
reparation and decolonization of peoples and nature. As recognized by the Truth and Reconciliation 
Commission of Canada (TRC) [22], acknowledging the truth is an important precursor to reconciliation, 
and thus examining Canada's colonial past and present is a critical component of moving forward 
with IPCAs. 

3.1. Canada's Protected Areas: The Colonial Past and Present 

Protected areas, as embodied in Canadian law and imagination, have been developed through a 
paradigm which holds paramount the preservation of a people-free "wilderness". National parks in 
Canada were early tools that deliberately perpetuated colonial injustices and continue to operate as 
such today despite some recent improvements [9,23]. Many well-established and world-renowned 
national parks in Canada, such as Banff, Jasper, and Riding Mountain National Parks, as well as 
provincial parks such as Quetico in Ontario, were founded on and continue to struggle with a legacy 
of colonial dispossession of Indigenous peoples [23-26]. The creation of these defined regions, which 
continue to act as conservation enclosures, not only intentionally removed Indigenous peoples from 
their lands and dispossessed them of their territories, but also perpetuated the illusion of "wilderness" 
as being pure and devoid of human life and influence [27]. This "wilderness" model of national parks 
concurrently advanced capitalist enterprises such as sport hunting, recreation, and tourism, while 
excluding Indigenous peoples as beneficiaries in any capacity or form [9,23]. It became an exercise of 
"primitive accumulation", entailing both the dispossession of land and the enclosure of a commons 
in favor of specific interests [28]. The new concept for IPCAs, conversely, is holistic and based on 
conservation that includes people and culture. 

Many Indigenous peoples distrust the concept and nature of protected areas in Canada. Marylyn 
Baptiste (former Chief of the Xeni Gwet'in) stated that "since my dad was chief, as far as I've 
always learned, governments in Canada have reserved parks for their own benefit for later use", 
and cites Bill F4 in BC which proposed opening parks to mining exploration [29] (p. 20). Other 
objectives, such as species protection, can prompt conservation efforts from the government that 
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perpetuate the exclusionary colonial model of conservation and wilderness. For example, a caribou 
range plan proposed by the Government of Alberta was not well received by Indigenous peoples. 
They believed that the plan was spurred by the province's desire to turn their traditional territory into 
parkland and suppress Indigenous land rights, rather than efforts to protect the caribou herds [30]. 
However, alternative perspectives amongst Indigenous leaders exist in favor of protected areas. 
As John Amagoalik, Inuit Elder and Statesman, stated, "The Government of Canada needs to fulfill 
its overdue promise to create a national marine conservation area in the Landcaster Sound. Inuit 
rely on the abundance of Tallurutiup Tariunga and expect it to be protected" [31]. In December 2018, 
the negotiation of the Tallurutiup Imanga Inuit Impact and Benefit Agreement (IIBA) was announced, 
and once approved by the Canadian government, this will complete "the largest unified land and 
water protected area in Canada" [32] (n.p.). 

While the colonial model of protected areas persists, there is an increasing acknowledgement 
within Canadian parks institutions (federal, provincial, and territorial) of the "history of exclusion" [9], 
and in some cases attempts at reparations are being made [23]. As stated by a participant in Exploring 
Empowerment for Indigenous Protected and Conserved Areas in B.C., a workshop held by the 
David Suzuki Foundation, "reconciliation is also restitution—returning things taken" [33] (p. 17). 
Furthermore, Canadian governments have a fiduciary responsibility to consult and accommodate 
Indigenous peoples when establishing a new protected area, according to Section 35 of the Constitution 
Act, 1982. 2 Significant policy and legislative changes occurring over the past few decades are beginning 
to affirm the special relationship Indigenous peoples have with lands, including those within national 
parks [36]. Nevertheless, Indigenous and legal scholars agree that many restitutions and reparations for 
communities and structural changes to protected areas institutions will be essential if protected areas 
are to become inclusive of Indigenous values, aspirations and knowledge systems [36-39]. Furthermore, 
fundamental considerations relating to territory and sovereignty are due when considering parks 
and protected areas. It is imperative for Canada, as well as provincial and territorial jurisdictions, 
to acknowledge the relationship and continuing ownership that Indigenous peoples have with their 
traditional territories if protected-area systems are to truly move to a stage of decolonization [40]. 
Connecting to this imperative are state- and community-driven processes of reconciliation. Both 
processes include acknowledging the need for reparations for historical wrongdoings, as well as the 
development of new pathways for relationships rooted in truth, justice, and healing [22], However, 
several critiques of state-driven processes exist, including that formal reconciliation processes have 
been used to divert attention away from legal restitutions and disputes over lands and resources [37], 
Despite such critiques, it is important to understand the context of formal reconciliation processes in 
Canada because they will continue to shape the development of policy affecting Indigenous peoples 
and their lands. 

As a first step towards reconciliation, the Government of Canada established the Truth and 
Reconciliation Commission of Canada in 2008 as a part of the Indian Residential Schools Settlement 
Agreement. 3 Following the end of the hearings involving testimonials from Residential School 
survivors in 2015, the TRC developed a set of "Calls to Action" that would serve as a guide to 
the processes of reconciliation for the Government of Canada and all Canadians [22]. The need to 
acknowledge Indigenous lands is referred to several times in the TRC's Calls to Action. In addition to 


2 Canada's supreme law is written in the Constitution Acts of 1867 and 1982. The Constitution Acts outline Canada's system 
of government (as a federation), as well as the civil rights of all Canadians and those in Canada. According to section 91.24 
in the Constitution Act of 1867, the federal government has jurisdiction over "Indians, and Lands reserved for Indians". 
Through section 35 of the Constitution Act 1982, "the existing Aboriginal and Treaty rights of Aboriginal people in Canada 
are hereby affirmed"; the Act also clarifies that "Aboriginal Peoples of Canada include the Indian, Inuit, and Metis Peoples 
of Canada" [34,35]. 

3 Indian residential schools were first established in Canada in the 1880s, with the last one closing in 1996. The government's 
intention with this system was to "remove the Indian from the child" by forcibly removing them from their families and 
communities, and forbidding the use of Indigenous languages and any expressions of Indigenous cultures [41]. 
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the Calls to Action, the TRC outlines "principles of reconciliation", which include recognizing it as 
a process of " ... healing relationships through truth sharing, ... and redress [for] past harms", as 
well as " ... constructive action on addressing the ongoing legacy of colonialism ..." [42] (p. 3). The 
principles of reconciliation can be interpreted in many different ways, according to each (Indigenous) 
nation's understanding of what it should encompass [22]. Some factors that may pose challenges 
to reconciliation are deeply entrenched in the structural roots of the nation-state known as Canada, 
and will require long-term political will if they are to be gradually overcome. Encouragingly, some 
solutions and models for reconciliation can be found by looking to the roots of Indigenous-settler 
relations, as in the case of the nation-to-nation spirit of many treaties. 4 

While broader discussion about sovereignty, treaties, UNDRIP, Indigenous law. Aboriginal law, 
and Canadian law are beyond the scope of this paper, it is important to acknowledge the weight 
of these issues as they are at the root of the set of problems and opportunities that reconciliation is 
attempting to address. In We Rise Together, the ICE states that reconciliation "means identifying the 
appropriate healing process for restoring relationships: first, between Crown and Indigenous Peoples, 
recognizing what has not worked in the past so it is corrected moving forward in the spirit of peace 
and friendship; and second, between all people (Indigenous and non-Indigenous) and the lands" [9] 
(p. 7). Creating an appropriate forum for honest discussion around targets and IPCAs is important, 
and will likely need to happen within the context of "ethical space" as indicated in We Rise Together [9], 
The concept of ethical space includes characteristics such as the creation "of a place for knowledge 
systems to interact with mutual respect, kindness, generosity, and other basic values and principles" 
and is "a space for collaboration and achieving common ground" [9] (p. 17). 

3.2. Guiding Frameworks for Indigenous Protected and Conserved Areas (IPCAs) 

The IUCN, as the leading global conservation organization, brings governments, 
non-governmental organizations (NGOs), the United Nations (UN), and communities together "to 
forge and implement solutions to environmental challenges," including those related to protected 
areas governance through various programs and initiatives [1] (para. 3). Since the Durban Accord, 
there has been increasing participation of Indigenous peoples and Indigenous Peoples' Organizations 
(IPOs) in developing global protected area (and other forms of environmental) governance frameworks 
through IUCN programs and initiatives. The IUCN Programme on Protected Areas administers 
standards for global protected areas such as the Green List of Protected and Conserved Areas, which 
sets "the new global standard for protected areas in the 21st Century" [44] (para. 2). Within the 
guiding policy document. Green List of Protected and Conserved Areas: Standards, Version 1.1, 
under criterion for "Good governance" of protected areas, is the indicator that states: "The site's local 
governance structures and mechanisms recognise the legitimate rights of Indigenous Peoples and local 
communities" [45] (p. 13). There is also reference in the standards to the need to consider Indigenous 
Community Conserved Areas and OECMs under "Sound Design and Planning" of protected area 
systems [45]. Several other programs and initiatives focus on developing frameworks for Indigenous 
participation in protected areas, as well as specialized working groups. In particular, the Indigenous 
and Community Conserved Areas (ICCA) Consortium [18] has been highly influential in advancing 
frameworks for Indigenous rights with regards to protected areas. 

The ICCA Consortium is a "membership-based civil society organization" that was formed in 
2010 with the mission "to promote the appropriate recognition of, and support to. Indigenous peoples' 
and community conserved areas and territories (ICCAs) at local, national and international levels" [46] 
(para. 1). At an international level, the ICCA Consortium outlines three defining characteristics of 


4 Treaties, as defined by the Government of Canada [43], are "agreements made between the Government of Canada, 
Indigenous groups, and often provinces and territories that define ongoing rights and obligations on all sides". Both 
historical (70 treaties between 1701 and 1923) and modern-day treaties (25 treaties since 1971) are relevant in the context of 
protected areas. 
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ICCAs, which are echoed in the IUCN Protected Area Guidelines. These are that the community has 
a close and meaningful relationship to the area; the community is the primary decision maker for 
site management and has the power to develop and enforce regulations; and management by the 
community leads to conservation regardless of motivation [46,47]. Similarly, the ICE (2018) states 
three defining elements of IPCAs for the Canadian context: "they are Indigenous-led; they represent a 
long-term commitment to conservation; and they elevate Indigenous rights and responsibilities" [9] 
(p. 5). The concept of "Indigenous-led" forms one of three essential elements of an IPCA in both the 
ICE [9] and the ICCA Consortium [18] characterizations. 

Given the history of colonization in Canada, Indigenous-led is a critical element to ensuring 
reconciliation is a part of the IPCA process. The ICE defines Indigenous-led as where "Indigenous 
governments have the primary role in determining the objectives, boundaries, management plans and 
governance structures for IPCAs as part of their exercise of self-determination" [9] (p. 36). The concept 
is also being used in environmental assessment and has been defined as being on the terms of 
Indigenous people, with their approval, and where Indigenous peoples "are involved in the scoping, 
data collection, assessment, management planning, and decision-making about a project" [48] (p. 10). 
These definitions and characteristics of Indigenous-led are important to keep in mind in discussions of 
how IPCAs relate to Canada's conservation targets. Importantly, an IPCA should not be evaluated 
outside of the Indigenous community's concerns or by the expectations of external actors [47]. Steven 
Nitah, negotiator and former Chief of the Lutsel K'e Dene First Nation, described this imperative for 
self-determination and effective partnerships: 

Fundamentally, the starting place for an (Indigenous Protected Area) IPA must be 
self-determination by the [IJndigenous peoples themselves, but once declared, IPAs become 
the basis for building effective partnerships between [IJndigenous and public governments 
and other entities, including NGOs, research institutions, and the philanthropic community. 

[49] (p. 4) 

The consideration of Indigenous-led is critical in light of the Aichi Targets in Canada, as well as 
elsewhere. These targets have created a potentially problematic set of standards, by which IPCAs 
may be evaluated by criteria that have been defined outside of the Indigenous community, and the 
impetus for IPCA establishment and national/international reporting may be imposed by the nation 
state, rather than "led" by the Indigenous community. 

In Canada, management arrangements with the federal, provincial, or territorial governments that, 
while highlighted as Indigenous-led, may be worth reexamining as part of the reconciliation process. 
Partnerships should be considered Indigenous-led where (and only where) the choice to partner with 
the government comes from the Indigenous community or Indigenous government itself and not 
from the federal, provincial, or territorial government [29]. An example of this is Dinaga Wek'ehodi 
Candidate Area in the Northwest Territories where, after proposing that an area of ecological and 
cultural importance be recognized, the Tljchp Government (an Indigenous self-government in the 
Northwest Territories) put forward a proposal to protect the area using territorial legislation, which 
they are developing in partnership with the Government of the Northwest Territories [50,51]. Recently, 
the Dehcho First Nations and the Government of Canada announced their collaborative effort to 
establish an IPCA in traditional Dehcho territory, called Edehezie Protected Area [52,53]. For Canada, 
this is the first officially announced IPCA [53]. 

The Government of Canada finalized an agreement with the Dehcho First Nations in association 
with the designation of Edehezie Protected Area as a National Wildlife Area by 2020 [52,54]. Dahti 
Tsetso, Resource Management Coordinator for the Dehcho First Nation, stated that the agreement 
“ will give us some capacity to start addressing the goals of our communities and approaching 
protection in ways that make sense to them, that helps our communities approach stewardship in 
a meaningful way" [55] (para. 10). Under this arrangement, Dehcho guardians would clearly be 
important in monitoring and management, but it may be unclear how much control they have had in 
establishment of the area. Designating an IPCA under a pre-existing federal protected area category 
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may present issues and risk an imbalance of power with more resting in the federal government's 
hands. Up until the designation process, however, this initiative appears to have been Indigenous-led: 
the Dehcho First Nations and Tljchp government requested in June of 2010 that Edehezie be designated 
as a National Wildlife Area [52]; and, in 2018, the Dehcho First Nations (DFN) Annual Assembly, 

... resolved that the Assembly: 1. approves and enacts the Dehcho Protected Area 
law (2018); 2. authorizes the DFN Grand Chief to enter into the Edehezie Establishment 
Agreement with Canada on behalf of the Dehcho First Nations; and 3. authorizes the 
Dehcho First Nations to finalize the Establishment agreement with Canada and to do such 
other things as may be necessary to permanently protect Edehezie ... [56] (p. 2) 

The Dehcho First Nations community has been pushing for protection of their cultural lands for 
years considering the threat of mining and other resource development in the area [55]. Indigenous 
leadership in this case is clear; however, it is also worth questioning if this request was made because of 
inadequacy of the legislative tools that are available to protect the region from industrial development, 
and what this could mean for further interference from the federal government. Although the Dehcho 
are finalizing an establishment agreement with Canada, it remains an open question as to whether, 
over time, the power imbalance of a colonial designation will or will not be redressed, even though the 
process has been Indigenous-led, and with an agreement in place for Indigenous management. 

4. Potential Types of Indigenous Protected and Conserved Areas (IPCAs) in Canada 

IPCAs have the potential to fit into Target 1 as either a protected area or an OECM depending on 
whether it meets the definition and criteria, including among others its objectives for conservation. 
However, despite such categorizations. Indigenous peoples have been managers of their lands and 
resources since time immemorial [13]. While the decision to establish an IPCA must come from 
Indigenous leadership, a range of partnerships with government or other outside parties may be 
appropriate [9]. Through their processes of engagement, the ICE [9] concluded that the type of 
partnerships and the degree to which decision-making authority is shared should be determined by 
the Indigenous group based on the objectives and needs of their nation or government. Within Canada, 
Indigenous peoples have been involved in co-management and joint management agreements for 
several decades, and have also created independent governance models to protect their lands and 
culture from harms arising from industrial and governmental pressures [9,57]. The different types of 
Indigenous involvement in protected areas are outlined in Table 1, which also provides examples and 
information on the traditional territory and jurisdiction(s). Outlining the different potential types and 
examples of IPCAs provides insights into how IPCAs might be categorized and defined according to 
Canada's Pathway to Target 1. Another important consideration is whether the Indigenous community 
wants to have their involvement in protected areas counted at all. In the future, such processes should 
be initiated only where the Indigenous government has indicated a distinct interest. 


Table 1. Indigenous involvement in protected areas management in Canada. Models adapted from We 
Rise Together by the ICE [9], 


Type of Indigenous 
Involvement in Protected Area 

Example 

Traditional 

Territory/Province/Territory 

Jurisdiction/Decision-Making 

Authority 

Advisory board 

Joint or cooperative 
management 

Conservancy 

Tribal park 

Indigenous management 

Indigenous governance 

Fundy National Park 

Tomgat Mountains 
National Park 

Bear Island Conservancy 

Tla-o-qui-aht Tribal Parks 

Wehexlaxodiale 

Edehezie Protected Area 

Mi'kmaq/Wolastoqiyik/New 
Brunswick [58] 

Inuit from Nunavik/Inuit from 

Nunatisavut/Newfoundland and 
Labrador [59] 

Nat'oot'en Nation/British 
Columbia [60] 

Tla-o-qui-aht First Nation/British 
Columbia [61] 

Tl;cho First Nation/Northwest 
Territories [62] 

Dehcho First Nation/Northwest 
Territories [53] 

Federal authority 

Federal authority 

Shared governance 
(with the province) 
Provincial authority 

Indigenous governance 

Indigenous governance 
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With the ICE's defining qualities of IPCAs in mind (i.e., the process is Indigenous-led; there 
is a long-term commitment to conservation; and they are in support of Indigenous rights and 
responsibilities), the designations in Table 1 that would qualify as IPCAs are those that are 
"conservancies", "Tribal Parks", "Indigenous management", and "Indigenous governance". Unlike 
Tribal Parks and Indigenous management, conservancies are recognized and defined under provincial 
law. This means that all conservancies in British Columbia will meet the same criteria: they meet the 
IUCN definition of a protected area as they are geographically defined, legally protected under 
provincial law, and are set aside for the protection of biodiversity as well as cultural values of 
Indigenous peoples [60]. Conservancies allow for the development of natural resources if it is consistent 
with the protection of biodiversity, uses by Indigenous peoples, and recreational values [60]. However, 
conservancies cannot be considered "Indigenous-led", as the province still maintains the power to 
approve decisions. While joint authority might support "Indigenous rights and responsibilities" and 
show a "long-term commitment to conservation", it cannot be assumed that the process is adequately 
Indigenous-led. Such adequacy can only be determined by the Indigenous group that is part of the 
agreement and involved in decision-making. 

Tribal Parks are not officially recognized by the Government of Canada, which has the potential 
to conflict with the need to support Indigenous rights and responsibilities. Tla-o-qui-aht Tribal Parks is 
a well-established model of a Tribal Park located in British Columbia. These parks are geographically 
defined, and while Tla-o-qui-aht law may not be officially recognized in Canada [9], the Tribal Park 
can still meet the protected area definition of "other effective means" noted earlier in this paper. These 
Tribal Parks are intended to focus on the integration of human wellbeing with healthy ecosystems [61], 
Tribal Parks are currently not considered under Canada Target 1 and are not fully recognized as 
a protected area by the provincial or federal governments [9]. It is important to note that, should 
government recognition and support come in future, it would need to be the Tla-o-qui-aht leadership 
that would determine if it ought to be counted as an IPCA under Canada Target 1 as a protected area, 
OECM designation, or at all. 

Indigenous management involves area management that is established and governed by 
Indigenous peoples without co-management or another type of partnership arrangement, and is 
a third type of Indigenous management that could fit with the IPCA model. Wehexlaxodiale is an 
example of Indigenous management, which involves a protected zone established and managed by the 
Tljchq Government [62], It is geographically defined and managed under the Tljchp Land Use Plan [62]. 
Wehexlaxodiale is fully protected for the cultural and heritage value it provides to the Tljchp people. To 
the Tl;chp people, the protection of nature, culture and heritage are intertwined [62], This differs from 
typical western notions of conservation that often view nature, culture and heritage as separate aspects 
of environment and society. Despite this complexity, the Government of the Northwest Territories 
has reported Wehexlaxodiale as a protected area under "Indigenous Government Administration" on 
behalf of the Tl;cho Government and with their approval. This reporting is to the Conservation Areas 
Reporting and Tracking System (CARTS) database, which contains all federal, provincial and territorial 
data on protected areas [63], and has been used to date by Canada to report progress towards national 
and international commitments to biodiversity conservation. 

The newly established Edehezie Protected Area involves a new type of arrangement that is 
more representative of Indigenous governance. Thus far, of all the types of protected areas involving 
Indigenous communities, Edehezie Protected Area shares the most in common with the ICE's definition 
for IPCAs. It is yet to be determined if this will give support to the formal establishment of an IPCA 
category in Canada. 

5. "Wicked Problems" 

Canada has a complex historical, legal, political, and social landscape with several factors that 
can confound those grappling with whether to recognize IPCAs under Canada's Target 1. These 
factors can be understood as "wicked problems" [64,65], which are "incomprehensible and resistant to 
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solution" [66]. While innumerous wicked problems could be discussed, we have identified six major 
types of wicked problems that will need to be addressed before IPCAs can achieve both conservation 
and reconciliation objectives. 

5.1. Exclusionary "Wilderness" Paradigm for Protected Areas 

As discussed above with relation to the colonial past and present, the "wilderness" paradigm for 
protected areas, which is based on the nature/culture dichotomy, continues to be pervasive. Concepts 
of pristine nature and wilderness are often considered central to many conservation approaches, 
including protected areas designation and management. This paradigm has been underpinned by a 
static and linear view of nature, the concept of wilderness, and the equation of human presence with 
ecosystem degradation [27]. Until relatively recently, the underlying assumptions and philosophies 
guiding the designation of protected areas were not adequately acknowledged or explored [9,67]. 
Despite the development of new concepts and more inclusionary paradigms, such as IPCAs, which 
link Indigenous peoples with conservation lands, the dominant exclusionary paradigm has so far 
proven difficult to supplant, especially when moving from theory to practice [27], Thus, a profound 
shift in how the Canadian state, its conservation organizations and its public think about conservation 
is required to support and align with the new paradigm for protected areas. As is articulated by 
Steven Nitah, 

I will say that [I]ndigenous contributions have largely gone unrecognized in Canada, in a 
system that still recognizes only federally, provincially, and territorially legislated protected 
areas as valid and ignores the fact that for tens of thousands of years our peoples managed 
the land so well that you thought it was empty. We need to move past those misconceptions 
and embrace the fact that long before Canadians even knew what a national park was, our 
peoples were successfully protecting and managing our special places under our own laws 
and using our own knowledge. [49] (p. 3) 

5.2. Siloed Colonial Governance 

The spaces for interpretation and misinterpretation of existing types of Indigenous-led 
management discussed in the last section highlight one of the "wicked problems" that can emerge when 
the dominant Western colonial government aims to categorize Indigenous governance and stewardship. 
The traditional resource management style of the Canadian government has been to separate natural 
resources into different management categories, and disconnect them from human wellbeing and 
cultural continuity [29]. This structure was imposed to "make sense" of a geographically large 
nation with diverse social, political, economic, ecological, and geological regions [68]. The separation 
of marine and terrestrial environments, for example, has resulted in different jurisdictions and 
conservation targets, with significant implications for protected area establishment, reporting and 
biodiversity outcomes [15], including those important to Indigenous peoples and their interrelated 
traditional-territorial lands, waters and lifeways. While structurally dividing the systems responsible 
for nature and for people's wellbeing reflected the colonial law and approach to governance [69], it has 
significant incompatibilities with Indigenous governance systems, which tend to be more holistic [70], 
The example of Wehexlaxodiale presents a perfect representation of this issue. The intention of the 
region is to protect cultural values, but in protecting cultural values the Tljcho are also protecting 
nature as these are inseparable concepts. 

5.3. Variation in Crown-Indigenous Treaties and Land-Claim Agreements 

Over a long history of settler-indigenous relations, a diversity of treaties and land agreements 
have been entered into by a variety of Indigenous and colonial governments. While much of Canada is 
covered by historic treaties, most of British Columbia, for example, does not have signed treaties [71], 
Several court cases such as Delgamuukw v. British Columbia 1997 3 S.C.R. 1010 have resulted in decisions 
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that have enabled a modern treaty process that facilitates better Indigenous involvement in decision 
making [71], In eastern Canada, many are Treaties of Peace and Friendship in which traditional lands 
and territories have never been ceded. The ICE in We Rise Together notes the diverse nature of these 
legal agreements and the ability of those communities who did not cede title under treaty to use 
the court systems to obtain title [9]. Notably, most examples of IPCAs in Canada can be found in 
BC or the North. Jones et al. [71] argued that in some contexts the reasoning behind this may be 
due to a lack of certainty around Indigenous land ownership, which has motivated collaboration. 
Lloyd-Smith [72] stated that the modern land claim agreements in the Arctic present more opportunity 
for Indigenous peoples to lead conservation and land-use planning initiatives. In contrast, those 
regions under historic treaty may have limited federal and provincial incentive to enter into truly 
collaborative models [71]. Even in situations where there may be an appearance of "true" collaboration 
there may remain a lack of willingness within governments to interfere with Ministerial authority. 
New models to address this situation are needed, such as the Northwest Territories Wildlife Act, which 
was drafted collaboratively and goes significantly further than other pieces of legislation with respect 
to collaborative management [73]. For example. Part 2, Section 8 of the Northwest Territories Wildlife Act 
lays out the aim "to promote cooperative and collaborative working relationships for effective wildlife 
management at the local, regional and territorial levels" [73] (p. 22). 

5.4. The Non-Devolution of Power by the Government of Canada 

In order for IPCAs to be Indigenous-led, there will need to be significant divestments of power 
made by the Government of Canada. However, power remains highly centralized and the Government 
of Canada may be reluctant to devolve power to Indigenous governments. Nicol [74] pointed to the 
dichotomy between the image of a Canadian government that seeks to protect Indigenous rights while 
at the same time asserting its sovereignty and thereby appropriating Indigenous sovereignty. While 
power devolution has occurred in the territories to a degree, the rigid bounds of constitutional power 
in the provinces makes the territorial model of devolution inapplicable [75]. In the recent past, the 
Canadian government has understood aspects of UNDRIP such as free, prior, and informed consent 
(FPIC) as a way of undermining state power over decision making [76]. This stance is problematic and 
demonstrates the unwillingness of the federal government to devolve or share power. Furthermore, 
if power is fully vested in the current government, then existing governance systems may be vulnerable 
to changes in government (i.e., through elections or other political means), which may lead to changes 
in land-based policies [77], Nicol [76] demonstrated that the Canadian government only values 
Indigenous rights within the bounds of treaties and land claims, therefore Indigenous rights are 
constrained to Indigenous lands in the eyes of the state. 

5.5. The Diverse and Federalist Nature of Canadian Law and Law Making 

The constitutional division of powers in Canada between the federal government and provincial 
and territorial governments adds complexity to the processes by which protected areas become 
formalized. Significantly, Indigenous law and Indigenous constitutional orders are not formally 
recognized under Canadian law. The Canadian constitution was created in a colonial context and in a 
time when economic gain was the primary objective of resource management, even within parks [78,79]. 
The division of power between the federal, provincial and territorial governments, as outlined in the 
Constitution Act 1867, further complicates Indigenous-Crown relations [76]. While the creation of 
Section 35 of the Constitution Act 1982 and subsequent court cases have begun to transfer some power 
held by federal, provincial and territorial governments back to Indigenous peoples, these colonial 
legal structures remain and define environmental decision-making in Canada. For example, Canadian 
law is structured to recognize written law as superior to oral law, which creates a disadvantage for 
Indigenous peoples [80]. This relates to issues surrounding sovereignty and the potential for IPCAs to 
be Indigenous-led, as discussed earlier. This issue also connects to the wicked problem outlined above 
(Section 5.2), such that a siloed approach to law is also problematic. Curran [69] argued that colonial 


161 


Land 2019, 8 ,10 


law operates in silos, with ecosystem and health regarded as separate domains, for example, and, 
consequently, responsibility is divided by jurisdiction and department. In contrast, responsibilities for 
the land, health and wellbeing are inseparable in Indigenous laws and lifeways. 

5.6. Reporting 

Monitoring and reporting on implementation and management is a fundamental component 
of conservation. Conservation reporting under Canada Target 1 thus far has been complex and 
inconsistent. Each provincial, territorial, or federal jurisdiction self-reports to the Canadian Council 
on Ecological Areas (CCEA) who tracks the data in their CARTS database [14]. While the CCEA has 
guidelines for reporting, there is no mandatory requirement for jurisdictions to follow this guidance, 
and thus, each jurisdiction reports based on its own process and understanding [15]. For example, the 
CCEA CARTS report from December 2017 shows that Saskatchewan had reported privately protected 
area while Ontario had not. Furthermore, the Northwest Territories and the Yukon are the only 
jurisdictions that have reported "Indigenous Government Administration" and these same territories 
along with Manitoba are the only jurisdictions to report and distinguish government-indigenous 
partnership areas [63]. These jurisdictional data are not currently audited for consistency across 
jurisdictions and are accepted as reported [15]. 

Ideally, where Indigenous leadership has indicated an interest in reporting IPCAs under Target 
1, the community leaders would carry out the reporting processes. However, in Canada, as a result 
of imbalanced power relationships with other government bodies, many Indigenous governments 
face capacity issues such as a lack of funding [81]. While reporting is an important part of ensuring 
conservation objectives are met, it is also critical that the process work to further self-determination. 
There are currently many structural barriers that stand in the way of Indigenous reporting, including 
challenges in standardization of reporting, poor recognition of Indigenous governments, and capacity 
issues. Consistent with international guidance, MacKinnon et al. [14] recommended standardized 
reporting to avoid inconsistencies across jurisdictions in Canada. This may present a challenge for 
IPCAs, however, if an Indigenous group must report and demonstrate a certain level of biodiversity 
protection through an imposed language and understanding of conservation and external methods of 
practice [13]. Thus far, reporting on protected areas in Canada has only been done through provinces, 
territories, and federal governments. Ideally, Indigenous governments would be able to control if and 
how they report their own IPCAs. 

5.7. Tension and Uncertainty between Scientific and Traditional Knowledge in Protected Area Management 

The application of Indigenous knowledge (IK) to protected area management is becoming 
increasingly prominent in Canada and represents the beginning of a broader acceptance and 
acknowledgement of various ways of knowing/knowledge systems and worldviews. For example, 
the Northwest Territories Government has developed a "Traditional Knowledge Policy" to formally 
recognize the value of these knowledge systems [82]. The ICE [9] represents IPCAs as a manifestation 
of Indigenous knowledge systems and states that their promotion in Canada should enhance respect 
for these knowledge systems. Indigenous knowledge has been used to enhance and complement 
western science with mixed results [71,83], and pre-conceived notions of what IK is and how it should 
be incorporated by non-Indigenous partners can present a significant barrier to its application and 
use [84], Aichi Target 18 indicates the importance of IK in biodiversity conservation; however, as 
discussed around reporting, it can also be challenging to apply IK in regions that require external 
methods of reporting. Houde [85] outlined several challenges such as a lack of confidence in IK by 
non-Indigenous people, issues around how IK is shared and how the control and ownership of IK 
might be determined by Indigenous communities, and the complexity of incorporating opposing 
values into a single framework. Communities face a difficult balance between sharing their knowledge 
towards asserting self-determination and having their knowledge appropriated by colonial application 
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and resource management initiatives [86]. Elder Albert Marshall articulated the need to redress 
this dichotomy: 

We need the English language and mainstream knowledge, but at the same time, we want 
the prerogative of determining for ourselves what we want from the mainstream. We 
already have the best of who we are from the Ancestors. Let's decide how to put these 
together in a two-eyed seeing approach. [87] (p. 41) 

6. Refocusing Conservation for Reconciliation 

While frameworks, targets, and broader governmental initiatives may provide the impetus 
for establishing IPCAs in Canada, it is important to consider that, primarily, these initiatives will 
require concerted efforts at fundamentally changing the nature of existing relationships. Primarily, 
restoring nation-to-nation relationships between Indigenous peoples, settlers, and Canadian states is a 
precondition to just, respectful, and equitable relations. Perhaps less tangibly, but equally important, 
is creating the space for restoration of the relationship between land and peoples. Whether these 
are achieved through the establishment of IPCAs or some other means is secondary to the broader 
objective of using conservation as a tool for reconciliation. 

6.1. Restoring Nation-to-Nation Relationships 

Restoring or (re)building a nation-to-nation relationship is fundamental to reconciliation, and 
the original treaties may serve as guides on this journey [9,38]. Fundamentally, treaties serve 
as a moral basis of alliance between Indigenous peoples and settlers, are relationship-based, are 
intended to be living documents, and secondarily serve as legal documents defining and detailing that 
relationship [39]. However, it is important to note that treaties were often recorded and interpreted 
differently by Indigenous nations and subjects of the Crown. The TRC's Call to Action 45 recommends 
that "the government of Canada jointly develop with Aboriginal peoples a Royal Proclamation of 
Reconciliation to be issued by the Crown. The proclamation would be built on the Royal Proclamation 
of 1763 and the Treaty of Niagara 1764, and reaffirm the nation-to-nation relationship between 
Aboriginal peoples and the Crown" [88] (p. 4). This would be enabled by revisiting the original 
spirit and intent of the treaties and through enacting a repudiation of concepts (such as the Doctrine 
of Discovery and terra nullius) used to justify European sovereignty over Indigenous peoples. Other 
equally important commitments on the part of the Crown are the full implementation of UNDRIP, and 
commitments to establishing "treaty relationships based on mutual recognition, mutual respect, and 
shared responsibility for maintaining those relationships in the future" [88] (p. 5). The importance 
of genuine partnerships underpinned by strong relationships cannot be underestimated. Another 
important step in rebuilding a nation-to-nation relationship will be to "reconcile Aboriginal and Crown 
constitutional and legal orders to ensure that Aboriginal peoples are full partners in Confederation, 
including the recognition and integrations of Indigenous laws and legal traditions in negotiation and 
implementation processes involving Treaties, lands claims, and other constructive agreements" [88] 
(p. 5). It can be reasonably asserted that reconciliation efforts that are connected to state-driven 
conservation cannot be fully actualized until nation-to-nation relationships grounded in the treaties 
and important documents like UNDRIP are fully implemented and affirmed. 

6.2. Restoring Relationships with the Land 

Just as it is important to restore a nation-to-nation relationship, institutionally as well as socially, 
it is equally important to restore, or create the conditions that allow for re-connection between people 
and the land; for many Indigenous peoples, caring for land is an important part of respecting their 
cultural responsibilities [89]. As previously discussed, through the creation of protected areas and 
many other provincial/territorial and federal policies and developments. Indigenous peoples were 
systematically and forcibly displaced from their territories, consequently loosing access to these sites 
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and their resources, as well as suffering other intergenerational impacts (social, cultural, economic, and 
spiritual) [9,27]. We Rise Together states that the disconnection between Indigenous peoples and their 
territories "prevented the full functionality of Indigenous legal orders ... weakened the necessary 
linkages to inter-generational knowledge transmission and sustainable use ..." and may have led to 
the loss of other important cultural and spiritual practices (such as songs, ceremonies, dances, stories, 
etc.) that were intrinsically tied to the land [9] (p. 28). Indigenous-led conservation efforts and IPCAs 
enable Indigenous peoples to determine the future of their lands and peoples [89]. A large part of 
reconciliation through conservation, as well as structural and social reconciliation, is making space 
for diverse Indigenous knowledge systems, worldviews, laws, etc. This is highlighted in UNDRIP, 
through which the UN General Assembly recognizes the "urgent need to respect and promote the 
inherent rights of Indigenous peoples which derive from their political, economic and social structures 
and from their cultures, spiritual traditions, histories and philosophies, especially their rights to their 
lands, territories, and resources" [90] (p. 2), and that "respect for Indigenous knowledge, cultures, and 
traditional practice contributes to the sustainable and equitable development and proper management 
of the environment" [90] (p. 2). Such considerations will be essential for promoting self-determination, 
which is integral to reconciliation in the development of meaningful pathways to IPCAs. 

7. Conclusions 

Recent global and national trends towards recognition of Indigenous peoples' leadership in 
protected areas presents hope for the future of conservation and reconciliation. The spirit and 
intent of IPCAs reflect the new paradigm and has the potential for positive cultural and social 
outcomes in addition to the conservation of biodiversity [10]. Countries responding to the new 
paradigm for biodiversity conservation are now grappling with their colonial histories and modern-day 
approaches to conservation and are exploring the implementation of protected areas frameworks 
that are supportive of Indigenous leadership. Each country has their own set of "wicked problems" 
that they must navigate. Australia has become a model for the shift towards Indigenous leadership 
in protected areas, boasting health, education, employment and social cohesion outcomes through 
their Indigenous Protected Area (IPA) program, which is part of the Australian National Reserve 
System [91]. Australia currently has 75 IPAs over both land and sea jurisdictions, which contribute 
more than 45% of the National Reserve System's total area [91], Despite the impressive enhanced 
representation of protection of biodiversity through the National Reserve System, IPAs continue to be 
vexed by numerous issues, such as those relating to who has ultimate decision-making authority [92], 

IPCAs have the potential to play a major role in meeting many signatory nations' commitments 
to biodiversity conservation targets under the CBD, along with their associated national targets. 
Canada's commitments to Aichi Target 11 as reflected in Canada's Target 1 is no exception. Indeed, 
Canada is in a good position to follow Australia's lead in modeling shifts in IPCA practice both at 
home and in the global arena. It is important, however, to be mindful of the political motivations 
behind state support for IPCAs. If the primary objective of government support for IPCAs is to 
achieve national obligations to meet international conservation commitments and the 2020 target 
deadline, then this could undermine the meaningfulness of IPCAs and the IPCA process for Indigenous 
communities [9,13]. In Canada, the We Rise Together report states that the federal government must 
be willing to support IPCAs regardless of their relationship to conservation targets, as they have a 
purpose beyond meeting quantitative national objectives [9]. With less than two years left to meet the 
Aichi Targets, pushing for area-based targets could lead to rushed collaboration and risk inappropriate 
designations that do not support the objectives of reconciliation or conservation. 

Given the "wicked problems" associated with forwarding IPCAs within Canada's Pathway to 
Target 1, a process that allows for reconciliation through adaptability, capacity building and the 
strengthening of relationships will be necessary. For example, Jonas et al. [13] argued that, similar to 
recognition, reporting requires the free prior and informed consent of the Indigenous peoples involved. 
The ICE [9] identifies some key features necessary for Indigenous peoples to support the shift in 
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paradigm they envision through IPCAs. These include: dedicating sufficient time and resources 
to explore Indigenous-led conservation and engagement with Indigenous governments; supporting 
innovative funding models; identifying new partnerships, as well as allies and champions; and creating 
resources that would support Indigenous governments in their work on IPCAs. It is important to 
move forward with caution, however, to avoid a situation in which IPCAs become another, hopefully 
unintended, colonization of Indigenous peoples, their lands and biodiversity to meet Canada's Target 
1 for protected areas. This potentiality calls into question the appropriateness of Canada's recognition 
and reporting of IPCAs if entered into quickly and primarily to aid Canada in meeting its quantitative 
commitments under the CBD. 

Ideally, Indigenous communities would have the ability to define IPCAs according to their 
particular contexts, thus contributing Indigenous leadership in the process of protected area and 
OECM recognition. To achieve this, the government could support the "three essential elements" of 
IPCAs put forward by the ICE (i.e., the process is Indigenous-led; there is a long-term commitment 
to conservation; and they are in support of Indigenous rights and responsibilities). In so doing, 
the government would also uphold Indigenous rights and support the self-determination of each 
community to define their IPCAs. This would also be consistent with IUCN governance guidelines, 
which note that nations need to be careful not to force top-down management of IPCAs, resulting in 
the displacement of existing governance structures [47], As articulated by the ICE [9], close attention 
will need to be paid to jurisdiction, financial solutions and capacity development, as well as addressing 
disconnections between—and the dominance of Canadian over—Indigenous worldviews, ontologies, 
and epistemologies. These factors among others must be considered and overcome in efforts aimed at 
developing IPCAs as living examples of reconciliation, as well as potential contributions to biodiversity 
conservation through Pathway to Canada Target 1 and Aichi Target 11. 

Considerations around Aichi Targets other than Target 11 are also important. IPCAs inherently 
offer a commitment to conservation, however they might be better suited to contribute to targets other 
than Target 11. For example, Aichi Target 18 has a focus on the full and appropriate recognition of 
Indigenous knowledge systems in conservation, and Target 14 aims to protect ecosystem services and 
the needs of Indigenous peoples [6]. Accordingly, IPCAs that embed Indigenous knowledge systems 
and serve to protect ecosystem values of importance to Indigenous communities could contribute to 
Targets 14 and 18, regardless of whether they fit within the parameters of Aichi Target 11. In these 
and other cases, such as areas established for cultural regeneration, IPCAs may meet the definition 
of an OECM and be counted toward Aichi Target 11 or Canada Target 1. Regardless, an Indigenous 
government's decision about whether they want their IPCA to be counted must be respected by the 
provincial, territorial, or federal government so as to honor reconciliation processes and FPIC under 
UNDRIP. Alternatively, an IPCA may have a purpose that does not meet the requirements of a protected 
area or an OECM under Target 1. In this case, it should still be recognized as a governance model 
to be supported and protected, as it may serve an important role in reconciliation and conservation 
processes. It will be critical, however, that colonial governments maintain support for IPCAs, other 
forms of Indigenous-led conservation and reconciliation without imposing control or regulation. 

Even though Canada and other nation states are on a tight timeline to achieve national targets and 
international biodiversity conservation commitments by 2020, there should also be an understanding 
that land- and sea-based reconciliation will require due process so that past injustices to Indigenous 
peoples related to protected areas can be addressed [9], Inadequately addressing past injustices 
could create further wrongdoings and reveal Canada's and other countries' interests in establishing 
IPCAs as opportunistic, rather than being based in genuine efforts to move forward on reconciliation 
with regards to protected areas. Taking the time to listen to communities and address structural 
injustices (associated with the wicked problems above) will be important if nation states, including 
the Government of Canada, are to truly move forward in good faith in a way that acknowledges the 
intrinsic and holistic value of IPCAs beyond the race to meet targets. As discussed by the ICE [9], 
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IPCAs can be places of cultural regeneration, learning, restoration, and reconciliation, while actively 

contributing to the protection of biodiversity. 
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Abstract: In this paper, we review the potential of biocultural heritage in biodiversity protection 
and agricultural innovation in sub-Saharan Africa. We begin by defining the concept of biocultural 
heritage into four interlinked elements that are revealed through integrated landscape analysis. 
This concerns the transdisciplinary methods whereby biocultural heritage must be explored, and here 
we emphasise that reconstructing landscape histories and documenting local heritage values needs 
to be an integral part of the process. Ecosystem memories relate to the structuring of landscape 
heterogeneity through such activities as agroforestry and fire management. The positive linkages 
between living practices, biodiversity and soil nutrients examined here are demonstrative of the 
concept of ecosystem memories. Landscape memories refer to built or enhanced landscapes linked 
to specific land-use systems and property rights. Place memories signify practices of protection or 
use related to a specific place. Customary protection of burial sites and/or abandoned settlements, 
for example, is a common occurrence across Africa with beneficial outcomes for biodiversity and forest 
protection. Finally, we discuss stewardship and change. Building on local traditions, inclusivity 
and equity are essential to promoting the continuation and innovation of practices crucial for local 
sustainability and biodiversity protection, and also offer new avenues for collaboration in landscape 
management and conservation. 

Keywords: biocultural heritage; sub-Saharan Africa; traditional ecological knowledge; hotspots; 
sacred forests; conservation 


1. Introduction 

Globally, a high proportion of biodiversity resides outside of protected areas. Incentives for 
biodiversity protection, therefore, must be built and fostered amongst diverse stakeholders, in areas 
where biodiversity and communities co-exist [1,2], In keeping with this principle, biocultural heritage 
is an emerging concept drawing on local knowledge, land-use practices and heritage values to define 

sustainability and resilience from the perspective of local inhabitants [3-10]. The concept is particularly 
relevant in African contexts, as many landscapes can be defined as continuing cultural landscapes 
following the International Union for Conservation of Nature (IUCN)'s definition of its category V 
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landscapes as those "where the interaction of people and nature over time has produced an area of 
distinct character with significant ecological, biological, cultural and scenic value" [11]. In rural areas 
of Africa, the most common forms of agriculture entail low-intensity land-use practices, often based 
on various customary systems of access and ownership rights. Globally, there has been increasing 
realisation that the discontinuation of small scale, low intensity agricultural practices contributes 
to the recent reductions in biodiversity [12-16]. However, in many African settings environmental 
debates are still centred on the assumption that local practices of fire management, cultivation and/or 
grazing cause degradation (for summaries and critiques of such arguments, see, e.g., [17-24]). As will 
be exemplified here, local low intensity and customary practices may hold the key to strengthening, 
adapting and re-innovating forms of land-use that accommodate biodiversity and cultural heritage 
and promote adaptive management and resilience [25]. Building on and reinvigorating such local 
practices is important given that the effects of climate change are accelerating and climatic insecurity 
and its effects on food production and security are increasingly pertinent issues [26-28]. At the 
same time, ongoing competition for land from industrial agriculture, biofuel production, carbon 
off-setting projects and conservation initiatives make local communities increasingly vulnerable to 
both climate change and socio-economic transformations that are detrimental to particular livelihood 
traditions [29-33], 

2. Background 

As an emerging field, biocultural heritage has been explored from different disciplinary 
perspectives ranging from those focused on socio-cultural practices explored using ethnographic 
methods, to those rooted in understanding and modelling biological systems on a grand 
scale [5,6,9,34,35]. The origins of the concept can be traced back to the emerging interest in 
community-based resource management and traditional ecological knowledge in the 1980s [36-39], 
the adoption of the Convention on Biological Diversity (CBD), and the aftermath of the 2003 
IUCN World Parks Conference in Durban, South Africa [4], The United Nations Educational, 
Scientific and Cultural Organization (UNESCO) uses the term 'biological cultural heritage' to refer 
to ecosystems (including habitats and species) originating or developing from human practices [40]. 
More broadly, biocultural heritage is considered to encompass the natural-cultural components of 
human-environment interactions including knowledge, practices and innovation. Practices related to 
biocultural heritage are also closely linked to the construction and confirmation of identities and social 
cohesion [25,41-45]. Biocultural heritage has been key in developing both local advocacy groups 
and legal frameworks focused on the protection and ownership of landscapes and resources by 
and for local communities [4,46-48]. The concept has also been incorporated into conservation biology 
and broadened to include deep-time landscape history [7,8,49,50]. 

While there are now several different conceptualisations of biocultural heritage (see, for 
instance, [4,5]), we draw on the framework developed by Lindholm and Ekblom [50] in defining 
biocultural heritage as consisting of four interactive elements, each operating at interlinked temporal 
and spatial scales, that can only be understood through integrated landscape analysis. Ecosystem 
memories (Figure 1) can be defined as practices and outcomes operating on larger or deep-time 
scales, where agricultural, grazing and/or fire management activities have reshaped landscapes 
with long lasting effects on both biological and landscape structures. Landscape memories represent 
smaller scale materialised human practices and ways of organising landscapes and their outcomes. 
These include changes in soils, geological formations, flora and fauna but also archaeological sites, 
built environments and living land-use practices. Local heritage practices and narratives are often 
interlinked with such land-use activities and play a vital part in maintaining them. Place memories are 
also defined by local narratives, place names and signs of earlier or continuing practices whose 
significance is under constant debate and re-negotiation both locally and with external actors. 
These memory elements will be exemplified in more detail below. The fourth element, stewardship 
and change, concerns the conceptualisation and transfer of knowledge pertaining to landscape 
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management, collaborative innovation and self-determination. The fusion of biodiversity goals with 
social and economic goals founded on self-determination is essential for establishing ecologically 
sound and equitable landscape management practices, as we explain below. To identify and explore 
how and why these four elements intersect requires integrated landscape analysis. These inclusive 
methodological and conceptual approaches to knowledge and landscape management are essential to 
both documenting and researching biocultural heritage and applying the insights generated to future 
stewardship and adaptive practices. 



Biocultural Heritage 


a) Ecosystem memories 
biophysical properties, 
non-human organisms and 
agents changed or affected 

directly or indirectly by 

humans 


c) Place memories 
intangible living features 
of human knowledge and 
communication preserved 
and transmitted over 
' generations 


b) Landscape memories 

tangible materialised 
human practice and semi¬ 
intangible ways of 
organising landscapes 


e) Stewardship and change 

a reservoir of knowledge and experience for landscape management 


d) Integrateged 
landscape analysis 
an inclusive network-based 
l approach to knowledge 


Figure 1. The four 'elements' of biocultural heritage (a-d) as defined by Lindholm and Ekblom [50]. 


More specifically, integrated landscape analysis is an interdisciplinary toolbox allowing us 
to trace elements of biocultural heritage and their internal relationships over time, incorporating 
contemporary botanical surveys, pollen analysis, archaeology, geographical information systems, 
cartography, historical research and interviews, and participant observation [50]. Studies spanning 
over both millennia long and shorter timescales have been critical in terms of understanding the 
biophysical and social ecological aspects of biocultural heritage. Such studies have also been important 
for re-evaluating degradation narratives that risk impeding effective biodiversity conservation 
and landscape management practices. A good early example of this is provided by the work of the 
People, Land and Time in Africa (PLATINA) research group at Stockholm University on deconstructing 
environmental narratives concerning the origins and drivers of severe soil erosion in Kondoa District, 
central Tanzania, that had informed colonial and post-colonial interventions for decades (see [51-53] 
for summaries, and additional references). A deeper understanding of how humans shape landscapes 
is an essential component in any plan for a sustainable future [7,54-62]. 

Below we review examples of land-use practices in sub-Saharan Africa, structured around the five 
interactive elements of biocultural heritage. We combine biological inventories and/or assessments by 
local residents on the ecological effects of land-use practices, with condensed summaries of archaeology, 
vegetation history, and interviews with local practitioners. We also complement these with our own 
and our students' field studies. In none of the cases presented below can the elements of bicultural 
heritage be understood from one single discipline nor from one single vantage point, whether that 
is the perspective of a local herder or farmer, researcher, conservationist, development worker or 
government official. 


173 


Land 2019 , 8, 5 


3. Biocultural Heritage in Space and Time 

3.1. Ecosystem-Scale Memories 

The concept of 'ecosystem memories' comes closest to UNESCO's [40] definition of biocultural 
heritage as ecosystems developing from human practices. Meadow pastures and wood pastures 
in Africa can be seen as continuing cultural landscapes, found in savannas and woodlands that 
are grazing- and fire-dependent [63-66]. Agroforest- and fire- managed landscapes carry structural 
and species level memories in terms of biological diversity. Interdisciplinary studies are still too 
few to allow us to assess the performance of these landscapes in terms of biodiversity, but broader 
scale studies on fire ecology in Africa have shown that landscapes that are fire-managed regularly 
tend to have both lower intensity and cooler fires that occur earlier in the dry season and which are 
more beneficial to sustaining biodiversity [65-67]. Fire also plays a crucial part in local landscape 
management in the semi-dry regions of southern and eastern Africa. In the savanna shrubland of the 
Chyulu area, Kenya, people burn to improve either hunting or pasture by, in the case of the latter, 
removing unpalatable grass and ticks. Grazing and dead wood collection are also used to create fire 
breaks [68]. Such systems are practiced in several regions of southern Africa, but the Chitemene system 
in Zambia has become particularly renowned for promoting pasture and fertilisation of farms, while 
also protecting individual trees, and thereby creating fire breaks [69]. In savannas, such mixed fire 
regimes and patch mosaic burning results in a heterogenous landscape structure comprising a range of 
post-fire ages, favourable to biodiversity, but managed fires also prevent damaging late season hot fires 
and uncontrollable wildfires that homogenise landscapes and eliminate fire-sensitive species [65,66,70]. 

In forested regions, agroforest landscapes create parkland and mosaic landscapes that are 
structurally diverse and high in agro-biodiversity [71]. The parkland mosaic landscape has a continuity 
over millennia. Previously, linkages were made between the extent of savannas and parklands 
and degradation from farming and fire management going back ca. 4000 years. However, 
palaeoecological studies now suggest climate dynamics have been more important in shaping the 
distribution of savannas in West Africa over the long term [72,73]. However, humans have also 
contributed to shaping mosaic landscapes, and fires are an important tool for maintaining landscape 
structure. In the Koulikoro district of southern Mali, fire is used to create landscape mosaics that 
increase micro- and edge-habitats, which are favourable for biodiversity. Here, fires and clearings create 
mosaic landscapes of semi-open areas, fields, fallows, and old growth forests [74,75]. Similarly, in the 
Kissidougou savanna region in Guinea, West Africa, forest patches and boundaries are continuously 
protected by households using methods that include mounding (to encourage plant growth), mulching, 
tilling, planting of crops beneath the trees and protection of tree species [76]. With sufficient fallow 
periods, such parkland management has positive impacts on tree biodiversity, as has been shown by 
studies in southwestern Burkina Faso [77]. In East Africa, diverse parkland landscapes are created 
through a variety of off- and on-farm management and forest protection, resulting in a diversity of 
trees [78,79]. Apart from shaping landscape structure and biology, fire management and shifting 
agriculture leave memories in terms of soil nutrients. The combination of burning and mulching 
of soils leads to the formation of black earths [76,80,81]. These black earths are conducive to both 
agricultural and biological diversity, as they are higher in organic carbon, pH, and plant-available 
nutrients than other local soils, and are also less prone to nutrient leaching or acidification [81]. 

Another similar example of long-term 'soil memory' important for ecosystems 
and agrobiodiversity comes from the East African savannas. Historic occupations have resulted in 
the enrichment of soils from dung and the formation of grassy glades [82-86]. In Kenya, pastoralists 
recognise these glades as marking former settlement sites and value them for the nutrient-rich 
grasses, especially Cynodon spp., that recolonize these former 'human' spaces [87,88]. Interviews 
and archaeological data presented by Shoemaker [89] covering the last ca. 150 years show how these 
places have been resettled over generations and are preferred sites for settlement. These 'anthropogenic' 
glades, described by Veblen [90,91] as biological 'hotspots', produce good pasture grasses and are 
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functionally important for a range of taxa, including wild megaherbivores [91], but also birds [92,93], 
geckos, and arthropods (e.g., [94], see also [82,85]). As pastoral communities have been highly mobile 
over time and soil nutrient compositions can last for millennia [87,88,95-97], the total surface area of 
such glades is important for overall ecosystem functioning in East African savannas. 

3.2. Landscape Memories 

Landscape memories can be understood as forms of materialised human practice, such as built 
environments and archaeological sites, including settlement systems and land-use systems linked to 
user and property rights—what Widgren [98,99] has called 'landesque capital'. Across the continent, 
there are many examples of irrigation or terracing system landscapes that are relict (see for instance 
Engaruka in Tanzania [100-102], Nyanga in Zimbabwe [103] and Mpumulanga in South Africa [104]). 

In addition to these discontinued terrace systems, there are also landscapes where precolonial 
irrigation practices are extant (see, for instance, the Mbulu Highlands, Tanzania [105,106]; and the 
Cheranagni escarpment, Kenya [107]). We will here expand on one example, the furrow irrigation 
found on the southern slopes of Mount Kilimanjaro, termed mfongo by Chagga-speaking people 
(Figure 2). The earliest firmly dated irrigation features on Kilimanjaro were built in the 18th century, 
though oral traditions, historical references, and linguistic evidence indicate that irrigation schemes 
were present on the mountain by the 17th century at the latest [108,109], This system, built on customary 
land tenure, supports multi-layered agroforest gardens high in biodiversity (500 species of which 400 
are non-cultivated) [110,111]. Despite their productivity and longevity, government policies have long 
been remiss in terms of promoting and maintaining mfongo practices [108,112,113]. Sunday [114] has 
explored the continuity and legacy of the mfongo through interviews with 200 households. The practice 
of making and maintaining water channels is less common today than it was in the remembered past. 
When asked why mfongo practices are discontinued, local residents replied that increasing droughts 
and lessened water runoff from Mount Kilimanjaro were the primary causes, although state policies 
were also mentioned for the wider contextual setting (see also [113]). However, local residents still 
value the mfongo system for ensuring water access and for maintaining crop yields and diversity. 
The water channels are also embedded in local heritage and identity. In the interviews conducted by 
Sunday [114] (p. 48), one elderly woman expressed her worry that this knowledge was now being lost: 



Figure 2. (a) a traditional water furrow ( mfongo ) cutting across a hillside on Mount Kilimanjaro; (b) a 
water furrow leading up to a Chagga home garden (photos published by Sunday [114] and reproduced 
with his permission @ Sabbath Sunday). 

"Times have changed very fast! Our children who go to school, when they live in cities for long 
and God blesses them with children: those children will not produce a generation that will revive 
culture practices of mfongo and rituals". 
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For that woman, and also many other respondents interviewed by Sunday, the making of water 
channels is more than an agricultural practice, it is also a 'spiritual obligation' and a living knowledge 
that must be actively maintained. 

3.3. Place-Based Memories 

Place-based memories refer to intangible living features of human knowledge and communication: 
know-how, place names, orature, arts, ideas and culture, and also biological heritage. A good example 
is the practice of the protection of 'sacred areas', often ancient and/or community burial areas, or old 
settlement sites that are surrounded by very strong rules of community protection, some of which 
have become havens for old growth forests. Though together they may constitute a landscape memory, 
the foundation of protection is very much placed-based. Sacred sites/forests occur across the African 
continent, but their potential in terms of biodiversity protection has only been recognised in the last few 
decades [115-122]. A study in northern Tanzania (the North Pare mountains) located 290 sacred sites. 
Though small in size, together they covered a total area of 370 ha [123]. Similarly, on Zanzibar there are 
a great number of sacred areas that are important as reservoirs for the endemic Zanzibar-Inhambane 
forest phytochoria, which are known to be high in species diversity [124]. Another well-known 
example is the World Heritage sacred Mijkenda Kaya forests in Kenya. This heritage landscape 
consists of 11 separated forest islands (growing on abandoned occupation settlements) containing 
as many as 307 species that are listed as endangered [125,126] (Figure 3). These are sanctuaries for 
forest-adapted species, both plants and animals, and have been estimated to comprise 4.2-5.6% of 
the entire Zanzibar-Inhambane forests mosaic [127]. These sacred areas and the knowledge systems 
surrounding the activities that brought them into being are as key to the transmission of traditional 
practices as to the innovation of new ones [128,129]. 

In the Muzarabani Communal Lands of Zimbabwe (Zambezi valley), forest loss has been shown 
to be dramatically less in areas considered sacred, or under protection of traditional custodians [130]. 
Similar observations have also been made in Mozambique in the Licuati forest in the south [131] 
and the Choa Highlands in Manica Province. In Choa, sacred areas have greater species diversity, 
more complex forest structure, and higher incidence of fire-sensitive species [132], Palaeoecological 
techniques have been used in southern Mozambique [133] to study the long-term history of littoral 
forests, suggesting the existence of mosaic landscapes for 1400 years. Though more studies are needed, 
it has been suggested that existing forest patches should possibly be re-assessed as having been actively 
protected through long-term (i.e., over centennial scales) management [133]. Though not supported 
by palaeoecological data, long-term protection of forest patches has also been suggested for East 
Africa [134], In Madagascar, there are also positive examples of customary protection of sacred forest. 
One example is Ankodida, where protection builds on customary rules surrounding resource use 
and local custodianship [135]. Such culturally protected small forest islands have been shown to be 
essential for maintaining ecosystem services [136]. 

Sacred areas are also common in West Africa. In Benin, 2940 sacred areas have been documented 
ranging in size from 0.1 ha to 1600 ha, covering a total of 18,360 ha [137,138]. Apart from being 
heritage places, these areas are highly important as biological refugia and function as seed-banks 
and genetic reservoirs [139]. In numerous regions of Benin, sacred areas can exhibit higher tree 
species diversity than state-established conservation spaces [140]. Estimates in Ghana suggest there 
are 2000-3200 such sacred sites [141]. Studies within sacred groves on the Accra Plains found that 
the biomass and diversity of small mammals often exceed that of surrounding biomes [141]; similar 
correlations have also been made more recently regarding butterfly populations [142]. In the Loma 
area in Liberia, dominated by the Upper Guinea forests, sacred areas are often the sites of old towns 
or graves and the long history and mobility of people and settlements has created a dense network 
of such sacred areas [143]. Socially proscribed systems of protection surrounding sacred areas allow 
for the maturation of old growth trees. At the same time, economically important shade-tolerant tree 
crops (e.g.. Kola, cocoa and coffee) can be planted amongst the trees, thriving in the nutrient-dense 
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soils that often result from anthropogenic inputs associated with settlements, such as charcoal, animal 
dung and food refuse. A comparison between the sacred areas and unmanaged fallow areas shows 
that vegetation in sacred areas is more heterogeneous in the basal layers and higher in the upper layers 
of the canopy [143]. 



Figure 3. Mijkenda Kaya forests in Kenya (picture from Wikimedia commons, photo by Victor Ochieng 

@Victor Ochieng). 

4. Discussion: Stewardship and Change 

The memories exemplified above act on different spatial and temporal scales shaping the structure 
of the ecosystem or landscape. However, the practices that shape them are usually place bound. 
As physically discernible memories (shown through landforms, vegetation and archaeological and/or 
heritage sites), they inform practices in the present. Biocultural heritage is closely connected with 
identity, social cohesion and practice but also social and political negotiation locally [25,42,43]. Heritage 
places, in particular, are often the arena for community meetings where this negotiation is played out. 
Such events frequently feature the transmission of old and new knowledge [127-129]. Biocultural 
heritage may then be considered to build on local practices and initiatives, and is therefore key in 
promoting stewardship, innovation and change [4-6,9,10]. 

As exemplified in the case of the mfongo system, but also more broadly in the case of fire 
management [20], state and development policies have tended to work against local practices. After 
nearly a century of state fire suppression polices across the continent, there is now an expanding body 
of research calling for better integration of fire management and conservation goals and hence closer 
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collaboration between conservation workers and local farmers and pastoralists [67,74,144]. For instance, 
in the Chyulu Hills area of Kenya reviewed above, local residents lament the fact that they are not 
allowed to pick dead wood or instigate controlled burns around park boundaries, which increases 
the likelihood of uncontrolled fires within the park, and both local residents and conservationists are 
stressing the need for collaboration [68]. The Caprivi Integrated Fire Management Programme in 
Namibia is a positive example here: through collaboration, fire management policies have changed 
from a centralised fire suppression policy to community-managed fire areas where early season burns 
are used as a fire management tool by local communities [145]. 

There is also now a growing awareness of the potential for customary practices and heritage sites 
to promote forest conservation [119,121,127]. A positive example is the Ankodida forest in Madagascar 
where the World Wild Fund for Nature (WWF) worked with local residents to incorporate sacred 
groves into the newly forming protected area network. As communities were concerned that erosion 
of traditional values was leading to threats to the groves, the formal conservation status was seen as 
reinforcing cultural taboos promoting the protection of the forest [135]. The Mijkenda Kaya forests in 
Kenya, discussed above, provide another positive example of stewardship based on local practices of 
protection and heritage values, where local communities and authorities have collaborated to proclaim 
the area as a World Heritage Site [127], though as discussed below, there are also problems here with 
inclusivity and access. 

One of the biggest challenges since the emergence of community-based resource management 
(CBRM) has remained the definition of community itself [36,146,147]. Individual community 
representatives may become a shorthand for 'community', which risks entrenching local power 
structures that are less than equitable, in particular when it comes to issues related to heritage, often in 
control of male elders and/or particular lineages. Continuing with the case of the Mijkenda forests, 
male elders lament the loss of respect for traditions as well as the loss of traditions themselves, processes 
they believe will ultimately threaten the protection of the sacred forests [127,128]. Meanwhile, based 
on interviews carried out by Groh [129], youths and women report experiencing issues surrounding 
access to sacred forest areas, and also the transfer of knowledge and innovations occurring within them 
during community meetings and ceremonies. For both community leaders and for other local people 
not so clearly in positions of power, this feeling of exclusion is then a double loss, as crucial knowledge 
regarding agrobiodiversity and resource use is not being transferred to younger generations (nor 
women) and the traditions and values associated with forest protection are thus not prioritised by 
younger community members. Biocultural heritage, while featuring existing (and customary) local 
practices of land-use and heritage management must therefore also build on principles of inclusiveness 
and transparency, otherwise it will simply not be accepted by the wider community. 

When integrated with principles of equity, justice and representation, while also building on local 
practices and innovation, biocultural heritage has the promise of combining the goals and aspirations 
of local residents with the national and international goals of sustainability and biodiversity 
protection [148]. Concrete collaborations between local communities and conservation in biocultural 
heritage are still too few and far between, but as argued here, there are ample opportunities to 
learn from existing local practices of biodiversity stewardship but also from local processes of 
agrobiodiversity innovation and change. To conclude, in this paper we have discussed a series 
of cases illustrating how a conceptual framework of biocultural heritage allows for new approaches 
to heritage, nature conservation, landscape planning and development goals. Biocultural heritage 
assets, we argue, provide the means to negotiate management goals in these areas, and in certain cases, 
also to combine them. 
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